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PATENT APPLICATION 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re Application of: 

SATOSHI KOIZUMI ET AL. 

Application No. : N/Y/A 

(Based on PCT/JP97/03226 , 
filed: September 12, 1997) 

Filed: Concurrently Herewith 

For: PROCESSES FOR PRODUCING 

SUGAR NUCLEOTIDES AND 
COMPLEX CARBOHYDRATES 


) 

: Examiner: Not Yet Assigned 

) 

: Group Art Unit: N/Y/A 

) 

) 

) 

) 

) May 12, 1998 


Assistant Commissioner for Patents 
Washington, D.C. 20231 


Sir: 


PRELIMINARY AMENDMENT 


Prior to action on the merits, please amend the 
above- identified application as follows: 


IN THE SPECIFICATION : 

Page 38, line 14, change "acetylneuraminic" to 
— N-acetylneuraminic — . 


Page 39, line 5, after "sorbitol, " insert 
— molasses, starch hydrolysate, — ; 

line 8, delete "molasses, starch 


hydrolysate, " . 



Page 47, line 18, change " (a2 , 3) sialyllacto-N- 
neotetraose" to — 3'-sialyllacto-N-neotetraose — . 

Page 48, line 13, change " (a2 , 3) sialyllacto-N- 
neotetraose" to — 3'-sialyllacto-N-neotetraose — . 

Page 53, line 15, change " (a2 , 3) sialyllacto-N- 
neotetraose" to — 3'-sialyllacto-N-neotetraose — . 

Page 103, lines 2 and 18, change "RPMI640 • ITPSGF" 
to — RPMI 1640- ITPSGF — . 

IN THE CLAIMS : 

Please amend Claims 8, 9, 11, 12, 14, 17, 22, 28, 
31, 34, 36, 38, 41, 46, 48, 49, 51, 53, 55, 57 and 59 as 
follows : 


Claim 8, line 5, change "acetylneuraminic acid" to 
— N-acetylneuraminic acid — . 

Claim 9, line 17, change " (a2 , 3) sialyllacto-N- 
neotetraose" to — 3 ' -sialyllacto-N-neotetraose — . 

Claim 11, line 1, delete "9 or". 

Claim 12, line l, delete "9 or". 
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Claim 14, line 15, change " (a2 , 3) sialyllacto-N- 


neotetraose" to — 3'-sialyllacto-N-neotetraose — . 


Claim 17, 
— capability — ; 

carried by — . 


line 2, change "microorganism capable” to 


line 3, change "comprises" to — is 


22. (Amended) The process according to claim 21, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried by at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
selected from a glk-encoding gene, a pgm-encoding gene, a 
galU-encoding gene and a ppa-encoding gene. 

28. (Amended) The process according to claim 26, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains a glk-encoding gene. 

31. (Amended) The process according to claim 30, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
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least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains a galT-encoding 
gene. 


34. (Amended) The process according to claim 33, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried by at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
selected from a glk-encoding gene, a pgm-encoding gene, a 
galU-encoding gene and a ppa-encoding gene. 

Claim 36, line 1, delete "30 or". 

38. (Amended) The process according to claim 37, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried by at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains a glmU-encoding 
gene. 


41. (Amended) The process according to claim 40, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
least one microorganism having a recombinant DNA comprising a 
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vector and a DNA fragment which contains at least one gene 
selected from a pgm-encoding gene and a pfkB-encoding gene. 

46. (Amended) The process according to claim 45, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
selected from a glmU-encoding gene, a ppa-encoding gene, a 
glmM-encoding gene and a glk-encoding gene. 

48. (Amended) The process according to [any one 
of] claim[s 26, 37, 40 and] 45, wherein the sugar nucleotide 
is uridine diphospho-N-acetylglucosamine. 

49. (Amended) The process according to [any one 
of] claim[s 26, 37, 40 and] 45, wherein the microorganism is 
a microorganism having strong UDP-GlcNAc 4-epimerase activity 
and the sugar nucleotide is uridine diphospho-N- 

acety lgalactosamine . 

51. (Amended) The process according to claim 50, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
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selected from a manB -encoding gene, a manC-encoding gene and 
a glk-encoding gene. 

Claim 53, line 1, delete "40 or". 

55. (Amended) The process according to claim 54, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried by at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
selected from a manB-encoding gene, a manC-encoding gene, a 
glk-encoding gene, a gmd-encoding gene and a wcaG-encoding 
gene. 


Claim 57, line 1, delete "40 or". 

59. (Amended) The process according to claim 58, 
wherein the [microorganism comprises] capability of producing 
a sugar nucleotide from a sugar and NTP is carried bv at 
least one microorganism having a recombinant DNA comprising a 
vector and a DNA fragment which contains at least one gene 
selected from a GlcNAc 2-epimerase-encoding gene, a neuA- 
encoding gene, a nanA-encoding gene, a neuB-encoding gene and 
a pyrG-encoding gene. 
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REMARKS 


The specification has been amended to correct 
various inadvertent typographical and/or clerical errors 
noted therein. 

The claims have been amended in order to correct a 
few minor inadvertent clerical errors and for better 
conformity with accepted U.S. practice and/or to better 
depend from their antecedent claims. 

No new matter has been added. 

Entry hereof is earnestly solicited. 

Applicants' undersigned attorney may be reached in 
our New York office by telephone at (212) 758-2400. All 
correspondence should continue to be directed to our below 
listed address. 

Respectfully submitted, 


Attorney for Applicants 
Registration No. 31,865 



FITZPATRICK, CELLA, HARPER & SCINTO 
277 Park Avenue 
New York, New York 10172 
Facsimile: (212) 758-2982 


F508\A601235\ec 
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PROCESSES TOR PROOq ejgN** g™=» WTrn-.^.nT XDES 
AND COMPLEX CARBOHYDRATES 


TTgCBMTgAL TOLD 

This invention relates to a process for producing a 
complex eta rhohydrata which la useful for protection against 
Infection of bacteria, viruses and the like, application to 
cardiovascular disorders and imm mo therapy and to a process 
for producing a sugar nucleotide which is important as a 
substrate for the synthesis of the complex carbohydrata. 

BACKOROOND ART 

Exaaples of the known process for producing- sugar 
nucleotides include: 1) chemical synthetic processes (A dhr. 

Oirholyrfr. Cham. Biochos. , 2S, 307 <1973), 3ull. Cham. Soc, 

Japan, Afi, 3275 (1973), <7. Otrg. Cham., 52, 146 (1992), 

C^irhahydg, JRew. , 242, 69 (1993)); 2) production processes 

using enzymes <47. Orgr. Cham. , 55/ 1834 (1990) , J. Org. Chan, , 
52/ 152 (1992), <7. Am. Cham. Sac., HQ, 7159 (1988), Japanese 
Published Unaxsmined National Publication No. 508413/95, 
Japanese Published National Publication No. 500248/95, WO 
96/27670) ; 3) processes using microbial cells such as yeast 

and the like (Japanese Published Examined Patent Appli c a ti on 
No. 2073/70, Japanese Published Examined Patent Application 
No. 40756/71, Japanese Published Examined Patent Application 


1 



98-0 5-1 2 : 0 6 : 1 4 PM : NGB PATENT DEPT 


.*31 35561 3956 


# 22/ 70 


No. 1837/72/ Japanese Published Exanined Patent Application 
No. 26703/72/ Japanese Published Examined Patent Application 
No. 8278/74/ Japanese Published Ohoxamined Patent Application 
No - 268692/90) ; and 4) an extraction process f rom microbial 

cells of halo- tolerant yeast (Japanese Published Unexamined 
Patent Application No. 23993/96) . 

However/ the process 1) requires expensive materials 
ff° r example/ morpholidate derivative of nucleotide- 
5 r -monophosphate (referred to as "NKP" hereinafter) , sugar 
phosphate, etc.) ; the prooess 2) requires expensive materials 
(for exasple, nucleotide— 5 ’ —diphosphate (referred to as "NDP" 
harainsf ter) / nucleotide-5 f -triphosphate (referred to as 
"NTP" hereinafter)/ phosphosnolpyruvate , etc.)/ and various 
enzymes (e.g. / pyruvate kinase/ etc.); and the process 3) 
requires drying treatment of microbial cells. Including the 
procsss 4) / all of tha above-mentioned processes use 
expansive nucleotides, sugar phosphates, and the like or have 
4 difficulty in effecting large scale production from the 
°P“*tional point of view, so that an industrial seals 
production prooess of sugar nucleotides has not so far been 
es tabli shed . 

Ex a mp les of the known process for producing complex 
carbohydrates include 1) chemical synthetic processes (Maithod 
in Enzynel., 242, 193 (1994), Angww. Cham. Xnt. Zd. Engl., 21, 
155 (1982), Cajdxahydr. Res. / 211 . cl (1991)), 2) processes in 
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which a. hydrolase is used (Anal . Blochmn. , 202 , 215 (1992) , 

Strands Biofcfmol. , fi, 256 (1988)) and 3) processes in which 
a glycosyl transferase is used (Japanese Published Unaxamined 
Patent: Application No. 79792/95, Japanese Published National 
Publication No. 500248/95, Japanese Published Examined Patent 
Application NO. 82200/93, NO 94/25614, Japanese Published 
National Publication No. 503905/97, U.S. Patent 5,583,042). 

The introduction of protecting groups is essential 
for stereo— selective synthesis in the process 1) . The yield 
and selectivity are not sufficient in the process 2) . 
Expensive materials (for example , NDF, NTP, 

phosphoenolpyruvic acid, sugar phosphate, sugar nucleotide, 
etc.) and various enzymes (for exanple, pyruvate Icinase, 
etc.) are necessary in the prooess 3). Therefore, these 
processes have not been established as inexpensive industrial 
pr od uction processes of complex carbohydrates . Zn addition, 
there has bean nothing known about a process for the direct 
industrial production of complex carbohydrates , which uses 
only inexpensive nucleotide precursors , sugars and conplex 
carbohydrate precursors as the starting materials. 

Zt has bean reported that UMF is produced in a 
microorganism belonging to the genus Cszyzxebacterximi whan 
orotic acid is added (Amino Acid, Nuclei c Acid, 23, 107 

(1971) ) . Zn addition, a prooess in which cytidina 

diphosphate choline is formed fr o m, orotic acid as the 
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material is also known (Japanese Published Unexamined Patent 
Application Ho. 276974/93) . 

DISCLOSURE QF THE 1HVBTTI CW 
An object of the present invention is to provide a 
process for producing a complex carbohydrate which is useful 
for protection against infection of bacteria, viruses, and 
the like, application to cardiovascular disorders and 
insounotharapy , and a process for producing a sugar nucleotide 
which is important as a substrate for synthesising the 
conplox carbohydrate at a low cost and efficiently* 

The inventors of the present invention have conducted 
intensive studies on the microbial production of a conplex 
carbohydrate and a sugar nucleotide using a nucleotide 
precursor as the starting material , and have found as the 
results that a sugar nucleotide can be produced by using only 
a nucleotide precursor and a sugar as the materials , that 
productivity of the sugar nucleotide can be improved by 
strengthening expression of genes involved in its 
biosynthesis and that a conplex carbohydrate oan be produced 
efficiently, using a microorganism capable of producing the 
sugar nucleotide and a microorganism, an animal cell or an 
insect cell capable of producing the complex carbohydrate 
from a sugar nucleotide and a coaplex carbohydrate precursor 
and using a nucleotide precursor , a sugar and a complex 
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carbohydrate precursor as 1 die only starting saterials, 
thereby resulting in. the acccnplishmant of the present 
Invention . 

The present invention provides a process for 
producing a complex carbohydrate , which ccnpsiBss: selecting , 
as enzyme sources , a) a culture broth of a microorganism 
capable of producing NTP from a nucleotide precursor , or a 
treated produot of the culture broth, b) a culture broth of a 
microorganism capable of producing a sugar nucleotide from a 
sugar and NTP, or a treated product of the culture broth, and 
c) a culture broth of a microorganism, an animal cell or an 
insect cell capable of producing a complex carbohydrate from 
a sugar nucleotide and a complex carbohydrate precursor, or a 
treated product of the culture broth; allowing the enzyme 
sources, the nucleotide precursor, the sugar and the conplex 
carbohydrate precursor to be present in an aqusous medium to 
form and accumulate the conplex carbohydrate in the aqueous 
medium; and recovering the complex carbohydrate from the 
aqueous medium, a process for producing a sugar nucleotide , 
which comprises : selecting, as enzyme sources, a) a culture 
broth of a microorganism capable of pr o ducing NTP from a 
nucleotide precursor , or a treated product of the culture 
broth, and b) a culture broth of a microorganism capable of 
producing a sugar nucleotide from a sugar and NTP , or a 
treated product of the culture broth; allowing the enzyme 
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sourees, the nucleotide precursor and the sugar to be present. 
In an a q u e ous medium to form and accumulate the sugar 
nucleotide In the aqueous medium; and racovaring the sugar 
nucleoti.de from the aqueous medium, and a process for 
pr o ducing a ccoplax carbohydrate, which comprises: selecting, 
as an ensyme source, a culture bloth of a microorganism, an 
animal cell or an Insect cell capable of producing a complex 
carbohydrate from a sugar nucleotide and a complex 
carbohydrate precursor, or a treated product of the culture 
broth; allowing the enzyme source, the sugar nucleotide 
obtained by the above -described process for producing a sugar 
nucleotide and the complex carbohydrate precursor to be 
present In an aqueous medium to form and accumulate the 
complex carbohydrate In the aqueous medium ; and recovering 
the ocnplex carbohydrate from the aqueous medium. Xt also 
provides a process for producing N-aoetylglucosamine-1- 
phosphate, which coss^rlses selecting, as an enzyme source, a 
culture broth of a microorganism having strong galactoklnase 
activity, or a treated product of the culture broth; allowing 
the enzyme source and N~aeetylgluoosamlne to be present In an 
aqueous medium to form and accumulate N-aoetylglucosamlne-l- 
phosphate In the aqueous medium ; and recovering the 
N-acetylglucosam±ne 1 -phosphate from the aqueous medium. 
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«RTir.iP nggr^XF r,TOW Qg DRAWINGS 

Fig. 1 shows oonstruction steps of expression 
plasmids pPA31 and pPAC31 . 

Fig. 2 shows construction steps o£ galU, ppa gene 
expression plasmids pNT12 and pNT32. 

Fig. 3 shows cons txuction steps of galT, galR gene 
expression plasmid pNT25. 

Fig. 4 shows construction steps of plasmid pTK7 which 
expresses galT and galR genes in Coryzsebecterium ansDoniagenes. 

Fig. 5 shows construction steps of glmU, ppa gene 
expression plasmid pNT14 . 

Fig. 6 shows construction steps of pgm gene 

expression plasmid pNT24, 

Fig. 7 shows construction steps of glmM gene 

expression plasmid pH744 . 

Fig. 8 shows construction steps of glh gene 

expression plasmid pNT46. 

Fig. 9 shows eons traction steps of pfkB gene 

expression plasmid pNT47 . 

Fig. 10 shows construction steps of galX gene 
expression plasmid pHT54 . 

Fig. 11 shows cons truction steps of manB, xnaziC gene 
expression plasmid pHK7 . 

Fig. 12 shows construction steps of pgm, pfkB gene 
expression plasmid pNT55. 
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Fig . 13 shorn construction stops of grad , vca G gono 
expression plasmid pNK8 . 

Fig. 14 shows construction stops of nsuA gone 

expression plasmid pTA14. 

Fig. 15 shows construction stops of lgtC gone 

esqoression plasmid pOT 3. 

Fig . 16 shows construction stops of lgtB gone 

expression plasmid pNT60 . 

Abbreviations to bo used herein and description of 
the abbreviations are shown in Table 1- (1) and Table 1- (2) . 
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Tsblo 1-(1) 


61c 

glucose 

G-6-P 

glucoso-6-phosphate 

G-l-P 

gluooso-l -phosphate 

010-1,6-72 

glucose-1 , 6-diphosphste 1 

G*X 

graXactose [ 

Oal-l-P 

«r*l®etese-l-phosph»te 

OlcH-6-P 

glucosamina-6-phospha.te ] 

GlcN-1-P 

glucosomlna-l-phosphat* | 

GloUA 

glueurenic sold [ 

GlcN 

glucosamine j 

GlcNAe 

N— acetylgXiiooBamino | 

GlcNAc-1-P 

K-ao*tylgluoe««iune-l-ehosph»^ 1 

F-6-P 

fructose— 6— phosphate | 

P-1, 6-P2 

fructo««-l , 6-diphosphete 1 

Man 

mannose J 

Man-6-P 

mannose— € -phosphate 

MSn-l-P 

mannose— X -phosphate [ 

| GDP-4 -keto- 6-daoayMan 

guanosine-5 ' -diphospho- 
4 ' -keto- 6-deo9C$xnannose 

ManMUc 

N-acetylmannosamine [ 

McuAc 

W-aoatylneur'Mni nic acid j 

■catyl CcA 

acetyl coanzyua A [ 

NTF 

nucleotede-5 ' -teiphosphste j 

NDF 

nuclaotido-5 ’ -diphosphate 

NMF 

nucleoH do-5 r -monophosphate 1 

ATP 

adenosine-5 1 -triphosphate | 

DTP 

urid±ne-5 ' -teiphosphste 

: OTP 

guanosine-5 1 -triphosphate [ 

CTP 

aytidine-5 1 - triphosphate f 

: QHP ~ 

guanos ins- 5 * -monophosphate j 
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Table 1- (2) 


UDP— Glc 

uridine-5 1 -diphospHoglucose 

UDP-Gal 

uridino^S 1 -diphosphogalmctoso 

ODP-GIcNJLc: 

uridine-5 f -diphoapho-K-mcetylglucosanine 

UDP-GelNAo 

uridine-5 1 -diphoapho-N-eoetylgelectosanine 

T3DP-GleOA 

ur±dine-5 1 -dipHosphogluouronic ar-id 

GDP-Man 

guano*iiw-5 ' — dlphosphocnanxiose 

GDP- Fuc 

guanoaine-5 ' -diphosphofucose 

CMP-NeuAc 

cytidin«-5 1 -aonqphoBphQ-M-awtyi nnr^inle 

galU 

gluaose-1— phosphate url^rltransfaraM 

P** 

(inorganic) pyrophogphataae 

galK 

gtlftotokinaM 

galT 

galactose-l-phosphsta uridyltrantfarMe 

glaV 

M~-acetylglucoa«m-i no- 1 -phosphate uritiyi fr««.> tr)lfft 

glueossmJ.ne-1-phosphate aoetyltransferase 

pg" 

ptiosphoglueaonifcaae 

pflcB 

phosphofructoklnaae 

gin M 

phosphoglucosamine muteae 

®ik 

glueokiBMa 

nanB 

phosphonannonniteae 

manC 

aannose-l -phosphate guanyl transferase 

gad 

GDP-mannose-4 , 6-dehydratase 

wcaG 

(3DP-4-keto-6-deoxyaaanose epiaerase/seductese 

nouA 

CMP-N-acetylneuraminic mold synthetase 

nwuB 

N-aeetylneuraminic acid synthase 

nanl 

K-acetylneuraminic acid aldolase 

py^Q 

cytidine-5 1 -triphosphate synthetase 


PI / 4-g*lAe < boayl'krans£*r i aa* 

IgtC 

ol 1 4— galactosyl transferase 

ugd 

HDP-glucose dehydrogenase 
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According to the present invention , a novel 
production process or a sugar nucleotide and a novel 
production process of a complex carbohydrate using the sugar 
nucleotide production process can be provided, which are 
dharacterised in that 1) expensive materials (for exanple, 
NTP, s u g ar phosphates, etc.) are not required, and 
inexpensive nucleotide precursor and a sugar can be used as 
the sole starting materials, 2) addition of expensive 
phosphoanolpyruvic acid and pyruvate kinase is not necessary 
in converting NKP or KDP into NTP, and 3) a process for the 
isolation of enzymes is not necessary. 

With regard to the sugar nucleotide to be produced by 
the production process of the present invention, compounds 
having a general structure in which the terminal phosphate 
group of a nucleoside 5 1 -diphosphate residue and the 
reducing group of a sugar residue are linked together by 
ester bonding can be exemplified, and those in 
which the nucleotide residue is cytidine 5 f -monophosphate and 
the sugar residue is a polyol are also included in the sugar 
nucleotide to be produced by the present invention. 

Examples of the complex carbohydrate to be produced 
by the pro du ction process of the present invention include 
compounds in which carbohydrates are bound to monosaccharides , 
oligosaccharides , monosaccharides or oligosaccharides linked 
to a carrier or the like, proteins, peptides, lipids. 


- 11 - 
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glycoproteins , glycollpids, glyeepeptides , steroid compounds 
or the like. 

The present Invention will be described In detsll 

below. 

1) With regerd to the microorganism for use In the 

present Invention capable of producing NTF from a nucleotide 
precursor, any microorganism capable of producing NTF from a 
nucleotide precursor can be used. Exanples Include 

microorganisms belonging to the genus Escherichia and the 
genus Coryaebacterlum. 

The microorganisms belonging to the genus JE7scherlcZila 
Include Escherichia coll and the like . 

The microorganisms belonging to the genus 
Cox3S3s&acteri.um Include Cbrynebecterlum ammonlagenes and the 
like. 

2) As the microorganism for use in the present 
invention capable of producing a sugar nucleotide from a 
sugar and NTF, any microorganism having the activity to form 
the sugar nucleotide of interest can be used as follows. 

2)-(i) With regard to the production of UDF-Glc, it 
is preferred to use a microorganism having strong enzyme 
activities of (1) to (4) shown in the following formula 1* 

Specifically, microorganisms belonging to the genus 
Escherichia and the genus CorynaJbac terium can be exemplified. 


12 
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Spmc±r±G examples include Escherichia eol± and 
Gorynebaaterxura aramnn iagenee . 

Zn addition, a transformant in which at least one of 
the enzyme activities selected from (1) , (2) , (3) and (4) are 

increased by recombinant DNA. techniques can also be used. 

ic examp les of the transformant include Sseherichia 
coli KY8415 (TERM BP-408) having’ recombinant ONh (pNT12) 
which contains galO and ppa genes derived from Skcharicthis 
coll, and the like. 


(1) (2) (3) 

Glucose — *■ G-6-P — * G-l-P — » UDP-Glc 


(4) 

Pyrqphosphoria acid — ► 2 x Phosphoric acid 


(Formula 1) 


(1) : H axokinaaa (EC 2.7.1. 1) or glueokinase (EC 2.7. 1.2) 

(2) : Phosphogluecmutase (EC 2. 7. 5.1) 

(3) : Glucose-1 -phosphate uridyl transferase (EC 2. 7.7. 9) 

(4) : (Inorganic) pyrophosphatase (EC 3. 6. 1.1) 


2) " (ii) With regard to the pr o duction of UDP-Gal , it 
is preferred to use a microorganism having strong enz yme 
activities of (5) and (6) shown in the following formula 2, 
preferably further having strong enzyme activities of (1) to 
(4) shown in the above-mentioned formula 1. 

Specifically, microorganisms belonging to the genus 
fsdiarie&ia and the genus Coryxsebscterixaa can be j j fled 
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Spo cifie wcmples inaluda g<ch«riehia ooli and 
Coryoebmctm trim oaBoaiagaaes. 

In addition, a transfoEiaant in which at laaat ona of 
the enzyme activities selected from (5) and (6) , or at least 
ona of the enzyme activities selected free (S) and (6) and at 
least ona of the enzyme activities selected from (1) to (4) , 
aze increased by recombinant DNA techniques can also be used. 
Specific examples of the transformant include neboriefaia 
cell NM522 having recombinant Dm (piNT25) which aontains galT 
and galK genes derived from SscbarlcZaia ooli and 
Cor ynehs ctariua mzmoniagenes ATCC 21170 having r e c ombinant 
DNA. (pTK7) which contains galT and galK genes derived fro m 
ffehsrichis ooli. 


(5) (6) 

Galactose -» Gal-l-P — UDP-Gal 

(5) : GalactoJcinase (EC 2 . 7 . 1 . 6) 

(6) : Galactose— 1-phosphate uridyltransf* 


(Formula 2) 


(EC 2.7.7.12) 


2) — (ill) With regard to the production of DDF— QlcNAo , 
it is preferred to use a microorganism having strong enzyme 
activities of (7) to (12) shown in the following formula 3 
and having a strong enzyme activity of (4) shown in formula 1, 
or a microorganism having strong enzyme activities of (13) 
and (10) shown in formula 3. 
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Specifically, microorgani sms belonging to the genus 
ffsc har l rh 1 a and tha genus CSoqaudbaeteritsB can bo exaplified. 
Specific e xwnp les include Zschorieble cold. and 
Cozyziebecterium aanaBiagenes. 

Zn addition, a tsansfozaant in which at least: one of 
the enzyme activities selected from (4) , (7) , (8) , (9) , (10) 

and (13) are increased by recombinant DMA. techniques can also 
130 used. Specific examples of the transformant iwcVvi e 
Escherichia cold NM522 having recombinant DMA (pNT44) which 
contains gelaM gene derived from Eachecicbis cold . , 
Zseherichia cola KY8415 having recombinant DMA (pNT14) which 
contains glmD and ppa genes derived from Escherichia cold, 
Eachaadchda cold. MM522 having recombinant DMA (pNT46) 
contains gllc gene derived from SSschsrichia cold, Eachaadcbda 
cold NM522 having recombinant DMA (pNT54) which contains galK 
9*ne derived from Emchar-d chia cold, and the like. 

Although it is necessary to add Glc-1 , 6-P2 for the 
e>q>zession and increment of the phosphoglucosamine mutase 
activity of (8) (J. Bdol. Cham., 221, 32 (1996)), it is 

possible to provide Glc-1 , 6-P2 from G-6-P and F-6-P without 
adding Glc-1 , 6-P2 by using a transformant in which the enzyme 
activities of (11) and (12) are increa s ed by recombinant DMA 
techniques . 

Specific e xamp les of such a transformant include 
Escherichia cold NM522 having recombinant DMA (pNT24) which 
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aontains pgm gone derived from Escherichia col±, ~U 4 - 

<sol± NM522 having recombinant: DMA (pNT47) which p fXB 

gene derived from EsciiB3r±eztt±B call, Escherichia NK 522 

having recombinant DNA (pNT5S) which contains pgm — pfkB 
gene derived from Eschori chia col±, and the like. 

process in which expression of the 
phosphoglucosaaine mutase activity of (8) is increased by- 
providing 010 - 1 , 6-82 from O-6-P and F-6-P using the enzyme 
activities of (11) and (12) is a process disclosed for the 
first time by the present invention. 


'•> J he process in which GldHAc— 1 — P is produced from 
GlcNAc using the galaetokinase (EC 2. 7. 1.6) of (13) is a 
process disclosed for the first time by the present invention. 

A® possible to produce QloMAc— 1 — P by wi «*>g process . 

GldHRc-l-P can be produced by using a culture broth 
* treated product of the culture broth of a — 

having strong galaetokinase activity, such as a microorganism 
which contains recombinant DNA consisting of a DNA fragment 
containing a galK-encoding gene and a vector, as an enzyme 
source, allowing the enzyme source and GlcNAc to be present 
in *** egueoua m e dium to form and accumulate GloNAo-l-F in *•*««« 
aqueous medium, and recovering the thus-obtained GlcNRe-1-F 
from the aqueous medium. 


# 3 6/ 7 0 
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»ec»v®ry of GlcNAc-1-F from tha tquaous medium can bo 
e *“ i ® ci out in usual way in which activatal carbon, an 
ion axchangm r#sin, and tha like are used. 



(Formula 3) 


: Hexokinaae (EC 2. 7 *1.1) ox glucokinaee (EC 2.7.1.2) 

(8) : Fhosphogltioosamine sutase 

(9) : Glucosamine— l-phosphata aoetyltransferaso 

(10) : N-Aoetylglucoaamine-1 -phosphate uric^ltransferase (EC 

2.7.7.23) 

(11) : Fhosphofructokinase (EC 2.7.1.11) 

(12) : Phosphoglucomutasa (EC 2. 7. 5.1) 

(13) : GalactoJcinase (EC 2. 7. 1.6) 


2) — (iv) With regard to the production of UDF-GalKAc, 
it is preferred to use a microorganism having strong enzyme 
activities of (7) to (12) shown in formula 3, of (14) shown 
in formula 4 and of (4) shown in formula 1, or a 
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microorganism having strong enzyme activities of (10) 
shown in fo rmal a 4 and of (14) shown in formula 4 . 

Specifically, microorganisms belonging to -the genus 
machaieidhia and the genus Cozynabacter-iim can be -8 ^ ^ 

Specific exaxq>les include Ea cberichia coli and 
Oox yn o ha etsriaa amooiaganas. 

In addition, a transformant in which at least one of 
the enzyme activities selected from (7) to (14) ( 4 ) 

increased by recombinant DMA techniques can also be used. 


(14) 

UDP-GlcNAc «=>■ UDP-GalKAe 


(Formula 4) 


(14): ODP-GldMAe 4-epimarasa (SC 5. 1 . 3 . 7) 

2 ) “ ( y ) With regard to the production of ODP-GleUA, it 
** preferred to use a microorganism having strong enzyme 
activities of (1) to (4) shown in formula 1 and of (IS) shown 
in formula 5. 

Specifically, microorganisms belonging to the genus 
SBchsriahis and the genus Gorynebacterium can be exaoplified. 

e xamp les include JEscbarichia coli 
GoxyjiabactaritBQ inDoaia^BOtfs. 

In addition, a transformant in which at least "it of 
the enzyme activities selected from (1) , (2) , (3) , (4) and 
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(1.S) are increased by recoobinant DNA techniques can also bo 
used. 

(Formula 5) 

(15) : UDF-Glc dehydrogenase (EC 1.1.1,22) 

2) - (vi) With regard to the production of GDF-Man, it 
is preferred to use a microorganism having strong enzyme 
activities of (16) to (18) shown in the following formula 6 
and of (11) and (12) shown in formula 3. 

Specifically , microorganisms belonging to the genus 
Escherichia and the genus Gorynebacheritmx can be y* ! 1 fie ri 

Specific e xam ples Include Escherichia coll and 
Cbrynebacteriim anaoniagenes. 

Zn addition , a transformant in which at least one of 
the enzyme activities selected from (16) , (17) and (18) are 

increased by re comb inant DNA techniques can also be used. 
Specific ex a mp les of the transformant include Escherichia 
coli NM522 having recombinant DMA (pNK7) which contains 
and manC genes derived from E^ahmz:±aIi±M, aal ± , Escherichia 
coli NK522 having recombinant DNA (pKT46) which contains glk 
gene derived from Escherichia coll, and the like. 

Although it is necessary to add Glc-1,6-P2 for the 
expression and increment of the phosphcraannomutase activity 
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of (17) fay r ecqribi.nant DNh techniques, it ±3 possible to 
provide Glc-1 , 6-P2 from G- 6 -P and P- 6 -P without adding Glc- 
1 , 6-P2 fay using a transformant in which the enzyme activities 
of (11) and (12) are increased fay r scoanbinant DNA techniques. 
Specific exanples of such a transformant include Escherichia 
c oil NM522 having recombinant DtA (pNT24) which contains pga 
gene derived from Escherichia coll, Eecherirtf 1 1 a c old. NM522 
having recombinant DNA. (pNT47) which contains pfkB gene 
derived from SBchaeiehis call, Sseberichia coll MMS 22 having 
recombinant DMA (pNT55) which contains pgm and pfJcB genes 
derived from Escherichia coll, and the like. 

The process in which expression of the 
phosphamannemutase activity of (17) is increased by providing 
Glc-1, 6-P2 from G- 6 -P and F- 6 -P using the enzyme activities 
of ( 11 ) and ( 12 ) is a process disclosed for the first by 
the present invention. 


(16) (17) (18) 

Mannose — » Man-6-F — * Man-l-P — » GDP— Man 


(Formula 6 ) 


(16) : Hexokinase (EC 2. 7. 1.1) or glucokinase (EC 2. 7. 1.2) 

(17) : Phosphomannomutase (EC 2. 7. 5,. 7) 

(18) : Mannose— 1-phosphate guanyl transferase (EC 2.7.7.13) 


20 



3 8-0 5-1 2 : Q 6 : 1 4 PM : NGB PATENT DEPT 


:S1355613356 #41/7 0' 


2) - (vii) With xagard to tlw production of GDP— Fue, it 
is preferred to us* a microorganism having strong anz^ua 
activitlas of (19) and (20) shown in tha following formula 7 , 
of (16) to (18) shown in formula 6 and of (11) (12) shown 

in formula 3. 

Specifically , microorganisms belonging to tha ganus 
£tefaarichla and tha genus Corynebaoterium can ba exesoplif ied . 
^P eci * io examples i nclud e Escherichia. cold 
Cor ynaha ctrlaia ■> jj wmm 

In add ition, a transformant in which at least on* of 
the enzyme activities selected from (16) , (17) , (18) , (19) 


and (20) are increased by recombinant DNA techniques can also 
used. Specific exampl es of the transformant include 
ESeberdchda cold NM522 having recczubinant DNA (pNK7) which 
contains manB and manC genes derived fro m s - coll, 

Brno faerdefada cold NM522 having raconbinant DNA (pNK8) which 
contains gmd and woafi genes derived from coll, 

Escherichia coll NM522 having recombinant DNA (pNT46) which 
contains gilt gene derived from Escherichia coll, and the like. 

Although it is necessary to add Gle-1, 6-P2 for the 
egrsssion and increment of the *■«»»»— itenitisii activity 

of (17) by recombinant DNA techniques, it is possible to 
provide Slc-1,6-P2 from G-6-P and F-6-P without 
' 6- ®2 by using a transformant in which the 
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activities of (11) and (12) are increased, by recombinant DNA 
techniques . 

Specific examples of such a transformant include 
rachsrichia ooli HM522 having reoeobinant DNh (pNT24) which 
contains pgm gene derived from ffscbsrichia call, FaGherichiA 
colx NM522 having reccmibinant DNA (pNT47) which contains pfkB 
gene derived from Eedhmxichl* cell, gxcbarichxa cold NM522 
having recombinant DNA. (pNT55) which contains pga and pfkB 
genes derived from ffscherichia coll, and the like. 


(19) (20) 

GDP«-Man — > GDP-4 -ke to- 6-deoxyMan — > ®P-Puc 


(Formula 7) 


(19) : QDP-Han-4 , 6-dehydratase (BC 4.2.1.47) 

(20) : GaDP-4-keto-6“deoxymannose epimerase/ reductase 

2) - (viii) With regard to the production of CMP-NeuAc, 
it is preferred to use a microorganism having strong enzyme 
activities of (21) , (22) or (23) , (24) and (25) shown in the 
following formula 8 . 

Specifically , microorganisms belonging to the genus 
gacherichia and the genus Corynebacterium can be exemplified . 
Specific examples include fsobsrichia call and 
CSorymebacteriisD anmon iaganos . 
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In addition, a tranafomant in which at least one of 
the enzyme activities selected from (21) , (22) , (23) , (24) 

(25) axe increased fay recombinant OKA techniques can also 
1,0 need. Specific simp les of the txansfozmant in«T i«^ 
Ksehsriehis coll C600 having- recombinant DMA (pKAZ.1) which 
oontains nanA gene derived from Xsehtrlebia cal± (Appl . 
Srvlroa. Microbiol . , 51, 562 (1986)), Fscheriehia soli NM522 
having recombinant DNA (pTA14) which contains neuA j««"t 
derived from Escherichia coll, and the like. 



(Formula 8) 


(21) : GlcNAo 2-epimarase (SC 5. 1.3. 8) 

(22) : HeuAc aldolase (EC 4. 1.3. 3) 

(23) : NeuAc synthetase (EC 4.1.3.19) 

(24) : CMF-NauAe synthetase (EC 2.7.7.43) 

(25) : CTF synthetase (EC 6. 3. 4. 2) 

When a microorganism has both of the properties of 
microorganisms described in 1) and the properties of 
microonganimns described in 2) , it is possible to produce a 
sugar nucleotide from a nucleotide precursor and a sugar 
using the microorganism. 
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Xt Is possible to produce UDF-Glc from a UTP 
precursor such as orotic acid or the like and glucose using a 
microorganism which has both of the properties of 
micro or ganisms described In 1) and the properties of 

microorganisms described In 2) - (1) ; UDp-Gel from a UTP 
precursor such as orotic acid or the like and galactose using 
a microorganism which has both of the properties of 

microorganisms described In 1) and the properties of 

microorganisms described In 2) - (11) ; UDP-GldNAe from a UTP 
precursor such as orotic acid or the like and glucosamine or 
N-acetylglueosamlne using a microorganism which has both of 
the properties of microorganisms described In 1) and the 
properties of microorganisms described In 2) -(111); 
UDP-GalNAe from a UTP precursor such as orotic acid or the 
like and glucosamine or N-acetylgluoosamlne using a 
microorganism which has both of the properties of 

microorganisms described In 1) and the properties of 

microorganisms described In 2) - (iv) ; UDP-G1CUA from a UTP 
precursor such as orotic acid or the like and glucose using a 
microorganism which has both of the properties of 

microorganisms described In 1) and the properties of 

microorganisms described In 2) - (v) ; GDP-Man fr o m a GTP 
precursor such as C34P or the like and mannose using a 
microorganism which has both of the properties of 

microorganisms described In 1) and the properties of 
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mi.cc00r9axxi.Bns described in 2 ) - (vi) ; GDP-Puc from a OTP 
precursor such as GMP or the like and mannose using a 


wH nroorgawi mi 

which 

ha* 

both 

of 

the 

properties 

of 

microorganisms 

described 

in 1) 

and 

the 

properties 

of 

microorganisms 

dtsoribad in 2) — (vii) ; 

and CMF-NouAc from a 

CTF precursor 

such 

as 

orotic 

acid 

or 

the like 

and 

N-*o®tylgluco*amine 

or 

N-acwtylaannoaatti: 

ne using 

a 

microorganism 

which 

has 

both 

of 

the 

properties 

of 

microorganisms 

ddficri 

bed 

in 1) 

and 

the 

properties 

of 


microorganisms described in 2) - (viii) . 

Speeifio exaagales ©£ such microorganism * 
GoryzaebactariisB amoniagenes capable of expressing galT and 
genes derived from JEiseherielxia coli. 

Unlike the case of the above-mentioned strain, when a 
xiigla strain has only a part of activities required for 
producing a sugar nucleotide/ the sugar nucleotide ■ » be 

produced by optionally combining microorganisms having 
activities . 

The properties described in 1 ) are not necesi 
by a single microorganism, and two or 
microorganisms in which the properties described in 1) 
independently located can also be used as the microorganii 
having the properties described in 1) . Specifically, a 
combination of Xfecberichia col± capable of expressing 
ffsefasriehia edi-derived pyzG gene with Cbryza^bectarium 


■ily 
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aamonlageaes (Japanese Published Unexamined Patent 
; Application No. 276974/93) is exeop lified. 

In the same manner, the microorg a nism having the 
properties described in 2) is not necessarily a single 
microorganism and the properties can independently be ow n ed 
by tiro or more microorganisms . By optionally combining the 
microorganisms , each sugar nucleotide of Interest can be 
produced. 

For example , it is possible to produce UDP-Glo from a 
OTP precursor such as orotic acid or the like and glucose 
using a microorganism which has the properties of 
microorganism described in 1) and at least one microorganism 
having the properties described in 2) - (i) ; UDP-Gal from a OTP 
precursor such as orotic acid or the like and galactose using 
a microorganism which has the properties of microorganisms 
described in 1) and at least one microorganism having the 
properties described in 2) - (ii) ; UDP-GlcaOc from a UTP 
precursor such as orotic acid or the like and glucosamine or 
N’-acetylgluoosamine using a microorganism which has the 
properties of microorganisms described in 1) and at least one 
microorganism having the properties described in 2) - (iii) ; 
UDP-GalNAc from a OTP precursor such as orotic acid or the 
like and glucosamine or N-aoetylglucosamine using a 
microorganism which has the properties of microorganisms 
described in 1) and at least one microorganism having the 
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properties described in 2)-(iv); UDP-GloUA from a UTP 
precursor such as orotic acid or the like and glucose using a 
microorganism which has the properties of microorganisms 
described in 1) and at least one microorganism having the 
properties described in 2) - (v) ; GDP-Msn from a OTP precursor 
such as Off or the like and mannose using a microorganism 
which has the properties described in 1) and at least one 
microorganism having the properties described in 2) — (vi) ; 
GDP-Fuc from a CTP precursor such as 04? or the like and 
mannose using a microorganism which has the properties 
described in 1) and at least one microorganism having the 
properties described in 2) - (vii) ; and CMF-NeuAc from a CTP 
precursor such as orotic acid or the like and 

N-acetY^ 9 luoosamine or N-aoetylmannosamine using a 

microorganism which has the properties described in 1) and at 
least one microorganism having the properties described in 
2) - (viii) . 

As described in the foregoing, recombinant 
microorganisms can be used in the production of sugar 
nucleotides , and the genes shown in Table 2 related to the 
production of sugar nucleotides have b oon cloned from the 
chromosome of JETscfaerichia oolx and their complete nucleotide 
sequences have been determined. 
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Table 2 

Genes 

References 

galu gme 

J. si ocsbas. , 115. 965 (1994) 

PP« gene 

•7. fitctszia 1. , 1^0, 5901 (1988) 

galK gene 

ifaalmic Aa±e3a Rea., 13, 1841 (1985) 

galT gang 

Maolmits Adda Raa. , 14 , 7705 (1986) 

glxnU gene 

«7- Bacterial. , 175, 6150 (1993) 

pgm gone 

*7. Bactadol., 176. 5847 (1994) 

pflcB gene 

Sana, 28 / 337 (1984) 

glafti gene 

<7- Biol. Cham. , 221, 32 (1996) 

glk gene 

•7. Badmdol. , 179. 1298 (1997) 

manB gene 

.7. Bacterial. , 178. 4885 (1996) 

xnanC gene 

•7. Bacterial., 128, 4885 (1996) 

gmd gene 

•7- Bacterial. , 178 . 4885 (1996) 

weaG gene 

<7. Bactadol. , 178 . 4885 (1996) 

neuA gene 

.7. Biol. Cham., 284 , 14769 (1989) 

nauB gene 

*7 - ficotazxel . , 177, 312 (1995) 

nanA gene 

BkzeZeic Acids Bee. , 13, 8843 (1985) 

pyz6 gene 

<7. Biol. Cfcuam. , 2£1, 5568 (1986) 

ugd gene 

* 7. Bac-badol . , 177 , 4562 (1995) 


Various procaduras ralatad to raoonbiziant DNH 
todhniqpios, such as Isolation and purification of plasmid OM3t 
fxrom Escharichia col± having a plasmid which contains tho 
9«no8, cleavaga of tfao plasmid DNA with restriction onzysss. 
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isolation and purification of tha olaavad DNA fragments, 
enzymatic linking of tha DNA fragments and transfoxzation of 
fscharichia coll using zacoobinaat DNA, can be carried, cut in 
accordance with known processes (for example , 3. Saabrook at 
/ Molecular Cloning, A Iiabo ratory Manual, second edition. 
Cold Spring Ha rb or laboratory (1989)). In addition, the 
polymerase chain reaction (referred to as ” PCR" hereinafter) 
can be carried out, for exasple, using Thermal Cycler 
manufactured by Barkin-Elmar-Cetus . 

Expression of a gene related to the production of a 
sugar nucleotide in a host can be effected by a procedure in 
which a DNA fragment containing the gene is as an 

appropriate length of DNA fragment containing the gene ««ing 
restriction enzymes or FCR and then the thus formed DNA 
fragment is inserted into downstream of the promoter of an 
expression vector, and the DNA— inserted expression vector is 
introduced into a host oell which is suited for the 
expression vector. 

Every microorganism can be used as the host, so long 
es it can express the gene of interest. Examples include 
microorganisms belonging to the genus rsz-he y j tyhim Ssrratis, 
Corynsbactariiim, Brevibaeterium, PMadamus, iuct 7 Tw f 

like, as well as yeasts belonging to the genus 
SecGhazocBjrees, CnntiirUt and the like. 
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With tagud to tha ei^rasiion vaotor to bo used, 
those having an ability to repliaate autonomously in the 
abova-das crUbad host or to be integrated into chromosome, and 
con t a in ing a promoter at the position at which transcription 
of the gene related to the production of a sugar nucleotide 
can be effected, stay be used. 

When the above-mentioned microorganism is used as the 
host, it is preferred that the expression vector of a gene 
related to the production of a sugar nucleotide can be 
replicated autonomously in the microorganism and that, at the 
same time, the expression vector comprises a promoter, a 
ribosome-binding sequence, the gene related to the production 
of sugar nueleotide and a transcription terminator saquano* . 
It may also contain a regulatory gene of the promoter. 

Examples of the aiprassion vector include pBTrp2 , 
pBTacl , pBTac2 (all manufactured by Boehringer Mannheim Co . ) , 
pKYPIO (Japanese Published tJhexamined Patent Application No. 
110600/83), PKYF200 (Agric. Biol. Cham., AS, 669 (1984)), 

pLSAl (Agric. Biol. Cham., £3, 277 (1989)), pGBL.1 (Proe. Natl. 
Acad. Sol. USA. , £2, 4306 (1985)), pBluescript XX SK+ 

(manufactured by STRATAGENE) , pTrS30 (prepared from 
Escherichia coli 3MX09/pTrS30 (TERM BP— 5407) ) , pTrS32 

(prepared from Escherichia coli JM109/pTrS32 (BERM BP-5408) ) , 
pUC19 (Cans, 33, 103 (1985) ) , pSTV28 (manufactured by Takara 

Shuzo Co. , Ltd. ) , pPAl (Japanese Published Unexamined Patent 
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Application No. 233798/88) , pCGll (Japanese Examined P atent 
AppXi.caU.on Ho. 91827/94) , and. th a like. 

Any promotes can be used ; so long as It can ba 
expressed In the above-mentioned host. Exazcples Include 
promoters derived from Eaahmr±ah±m co±±, phage and the like, 
such as txp promoter/ lac promoter/ P L promoter/ F* promoter, 
and the like . Also usable are artificially designed and 
modified promoters such as trp t andem promoter In which two 
fcrp promoters are connected In series , tac promoter, and the 
like. 

With regard to the ribosome-binding sequence, any 
sequence capable of being expressed In the above-mentioned 
host can be used, but It Is preferred to use a plasmid In 
which the region between a ribosome-binding sequence and an 
Initiation codon Is adjusted to a suitable distance (for 
example/ 6 to 18 bases) . 

Although the transcription tazmin&tcr asquoncaa la not 
always necessary for the expression of genes related to the 
production of sugar nucleotide / It Is preferred to arrange 
the transcription termination sequence preferably at a 
downstream position of the structural gene. 

Any microorganism can be used as the host/ so long as 
It can express the recombinant DMA and can apply to the sugar 
nucleotide formation reaction . Examples Include Escherichia 
coll XL 1 -Blue , Escherichia eoli XL2-Blue/ Escherichia coll 
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DH1 , Xmdhmx±dx3JL call MCIOOO, Escherichia call KY3276, 
£!90&A£iehi« coli W1485, ffschariohia call JM109, Escherichia 
cold, HB101 , Escherichia coli Mo. 49, Escherichia coli W3110, 
Escherichia call NY49, focbMriolix« coli KY8415, EmdiaxlchlA 
call NH522, BacillTij fiscillus totvis, Bacillu# 

aayloliguefaci unj , B&mrUbcctajrlvm. iaroi riophil tan ATCC 14068/ 
finvibA0t«riiBB MeehArolytion ATCC 14066/ SrmriJbAC fcerium 
fZavuD ATCC 14067/ Hrevibacterium lictof«z 2 Qssttn ATCC 13869/ 
Cdrynehacterium imrwni agrooj ATCC 21170/ Corynebacterium 
glutsnicaf ATCC 13032/ Cbzyzifibact«rlun acatoacidophiliss ATCC 
13870/ tficrabact«z’iu& Aznoaoniaphiluzn ATCC 15354/ Pseudcmnas 
ptttidt, Ssrratia mtrcesc«nS/ and the like. 

When a yeast strain is used as ‘the host/ the 
expression vector may be YS^13 (ATCC 37115) / Y2p24 (ATCC 

37051)/ YCfe>50 (ATCC 37419) or the like. 

With regard, to the promoter/ any promoter capable of 
being expressed in the yeast strain host can be used. 
Examples include promoters in genes of the glycolytic pathway/ 
such as hexokinase as well as other premotors such as gal 1 
promoter/ gal 10 promoter/ heat shock protein promoter, MFtxl 
promoter and CUP 1 promoter. 

With regard to the host, any yeast capable of 
expressing recombinant DMA and applying to the sugar 
nuoleotide formation reaction can be used. Examples include 
Saccharumyeee cerevisiae, < utilis, ntnrtirlm 
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pa rmpM£lo*£m , Csnrffcfri Irzosci, Candida vtrMfcili*, Ciadidt 
l±paZy£d cm , Otnrfi<ii rsylanoides , Candida gu±ll±armrxnrt±± , 
Oindffil Candida Itiaxicala, Pichia fwrinoga, Plehia 

ohmeri, rorulcpsis ointfirin, 2brulqpffx« jp2wri.ca, rorulqpsif 
rylimxs, Tiorulcpgis fauta, ToralapM±m vorsatilis, 
r^sbaryccyceg subglabosus, nabagycaygeg caat ara 1 l ii , 

Diiharycpycaa globosus , Daharyceyces lummmnLi* , EtabarycByces 
J^ponicug; 2ygoaaecharoa^o«« zouxii, ^goffaccharcnQ^as 
IduywraaycM lactis, Xluyvereeyces marxianus, ftinjamila 
jiicmala, Husatzula jfltffnli, Bgatfancnyeaa Iambi, cus, 

Bpgfcfainonycaa anoma lug , Sohizosaedsarcfl^cas pcube, 

Z^ricboarporon pu22u2ans, Sdwinnicryeaa alluvius, and. the like. 

Culturing of the microorganism for use in tha prasant 
invan ti on can ba carried out in accordance with tha usual 
culturing process » Tha medium for use in tha culturing of 

the microorganism may ba either a nutrient medium or a 
synthetic medium, so long as it contains carbon sources, 
nitrogen sources , inorganic salts and the like which can be 
assimilated by the microorganism and it can perform culturing 
of the microorganism efficiently. 

Examples of tha carbon sources include those which 
can be assimilated by each microorganism, such as 
carbohydrates (for example , glucose, fructose, sucrose, 
lactose, maltose, mannitol, sorbitol, molasses, starch, 
starch hydrolysate, etc.), organic acids (for example. 
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pyruvic acid, lactic acid, citrio acid, fumaric acid, ate. > , 
various amino acids (ter example, glutamic acid, methionine, 
lysine, etc.), and alcohols (ter example, ethanol, propanol , 
glycerol, etc.) . Also useful are natural organic nutrient 
sources , such as rice bran , cassava , bagasse , c o r n steep 
liquor , and the like. 

Zxaxqples of the nitrogen sources include various 
inorganic and organic amnoniuxn salts (for example , asmonia , 
awno nium chloride , ammonium sulfate , anxoonium carbonate , 
amnonium acetate, anmonium phosphate, etc.) , amino acids (ter 
wxiprp la , glutamic acid, glutamine, methionine, etc.), peptone, 
NZ amine, corn steep liquor, meat extract, yeast extract, 
malt extract, casein hydrolysate, soybean meal, fish meal or 
a hydrolysate thereof and the like. 

Examples of the Inorganic substances include 
potassium dihydrogen phosphate , dipotassium hydrogen 
phosphate , sodium dihydrogen phosphate , disodiua hydrogen 
phosphate, magnesium phosphate, magnesium sulfate, magnesium 
chloride, sodium chloride, calcium chloride, ferrous sulfate, 
manganese sulfate, capper sulfate, zinc sulfate, calcium 
carbonate, and the like. Vitamins, amino acids, nucleic 

acids and the like may be added as occasion demands. 

The culturing is carried out under aerobic conditions 
by shaking culture , aeration stirring culture or the like 
means . The culturing tenqperature is preferably from 15 to 

- 34 - 
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*5°C, and. the culturing time is generally from 5 to 96 hours. 

P® medium is maintained, at 3.0 to 9.0 during the 

Adjustment of the medium pH is carried out using 
an inorganic or organic acid/ an alkali solution/ urea, 
calcium carbonate, axnnonia and the like. Also, antibiotics 
examp le , arap icillin , tetracycline, etc.) may be to 

the medium during the culturing as occasion demands. 

When a microorganism transformed with an agression 
vector in which an inducible promoter is used as th e promoter 
i s eul turod , an inducer may be to the ^4^ u 


For example, isop r op y l— ft-D- 
thiogalactopyranosicb (IPTG) or the like may be to the 
medium when a microorganism transformed with an expression 
vector containing lac promoter is cultured, or indoleacrylic 
aeid (XAA) or the like may by added thereto when a 
microorganism transformed with an expression vector 
containing tag? promoter is cultured. 


When two or more are used in the sugar 
nucleotide production of the present invention , the 
microorganisms may be separately cultured to use the 
resulting culture broths in the sugar nucleotide production 
or inoculated simultaneously into a single culture vessel to 
car ry out mixed crulturing and to use the resulting culture 
broth in the sugar nucleotide production < In an alternative 
way, one of the microorganisms is firstly cultured, the 
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ronaiziing microorganism is inoculated during or aftar -the 
crulturing and cultured, and than tha rasulting cultura broth 
is used in tha sugar nucleotide production . Xn another 
alternative way, a microorganism having the properties 
described in 1) and a microorganism having the properties 
described in 2) may be separately cultured and used in the 
sugar nucleotide pro du ction using the resulting culture 
broths . 

The microbial culture broth obtained by the culturing 
or a treated product of the culture broth obtained by 
treating the culture broth in various ways can be used as an 
enzyme source for the formation of a sugar nucleotide in an 
aqueous medium. 

Examples of the treated product of the culture broth 
include a concentrated product of the culture broth, a dried 
product of the culture broth, a culture supernatant obtained 
by centrifuging the culture broth, a concentrated product of 
the culture supernatant, an enzyme preparation obtained from 
the culture supernatant, cells (including microbial cells) 
obtained lay centrifuging the culture broth , a dried pr o du ct 
of the cells , a f reeze-dried product of the cells , a 
surfactant- treated product of the cells, an ultrasonic* 
treated product of the cells, a mechanically disrupted 
product of the cells, a solvent-treated product of the cells, 
an enzyme* treated p r oduct of the cells, a protein fraction of 
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tha colls , an isnbbilized prod u ct o£ the oolls and an anzyxna 
preparation obtained by extraction from 'tha calls . 

The amount of tha anzyma soutqb used in tha fotnation 
of tha auqar nuoleotida is within tha range of from 1 to 500 
sr/1, prafarably from 5 to 300 q/1, as wat calls. Whan tha 
sanction is carried out in an aqueous medium using two os 
more microorganisms simultaneously/ amount of tha total wat 
calls of tha microorganisms in tha aqueous medium is within 
tha sanga of from 2 to 500 gr/1/ pzafasably f r o m 5 to 400 g/1. 

Exaaples of tha aqueous medium used in the formation 
of the sugar nucleotide include water, buffer solutions (for 
examp le, those of phosphate, carbonate, acetate, borate, 
citrate, Tris , etc.) , alcohols (for example, methanol, 
ethanol, etc.) , esters (for example, ethyl acetate, etc.) , 
ketones (for example, acetone, etc.) , amides (for example, 
acetamide, etc.), and the like. Ate microbial culture broth 
used as the enzyme source assy slso be used as the squeous 
medium. 

Exaaples of the nucleotide precursor used in the 
formation of the sugar nucleotide include orotic acid, uracil, 
orot idin a, uridine, cytosine, cytidine, adenine, adenosine , 
guanina , gu&nosina , hypoxanthine , inosine, xanthine, 

xanthosine, inosine-5 ' -monophosphate, xanthosine- 

5 ' —monophosphate , quanosine-5 ' -monophosphate , uridine— 

5 ' -monophosphate , cytidine— 5 1 — monophosphate , and the like . 
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Pra£ornKi axq orohio ftold *nd gu^osino~5 1 "iBonoidiosphat^ . 
The nualeoti.de precursor may be in the form of a purified 
product or in the font of a salt of the precursor, a 

culture broth containing' the precursor produced by the 
fermentation of a tnior oorga ni mn or the precursor roughly 
purified from the culture broth may also be used as - »-*»«* 
nucleotide precursor, so long as its Impurities do not 
inhibit the reaction . The nucleotide precursor is used at a 
concentration of from 0.1 nti to 1.0 M, preferably free 0.01 
to 0.3 M. 

Sxanples of the sugar used in the formation of the 
sugar nucleotide include glucose , fructose, galactose, 
glucosamine , N - acetylgluoosamine , N^acotylgalectosamine , 

Banao *e, fucose, acetyl t acefcy Ineuramini o acid 

“d the like, and derivatives thereof. The sugar may be 
either in the form of a purified product or in the form of a 
material containing the same , so long as 4 yiri fi in 
“•t****! <*o not inhibit the reaction. The sugar is used at a 
concentration of from 0.1 oM to 2.0 M, by it in one 

portion when the reaction is started or in portions or 
continuously during the reaction. 

Zn the formation of the sugar nucleotide , an energy 
source necessary for the regeneration of ATP, a coenzyme, a 
phosphate ion, a magnesium ion, a Chelating agent (for 
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example, phytic acid, etc.)/ a surfactant and an organic 
solvent may bs added as occasion demands. 

Examples of the energy source include carbohydrate 
(for example, glucose, fructose, sucrose, lactose, maltose, 
mannitol, sorbitol, etc.), organic acids (for example, 
pyrivic acid, lactic acid, acetic acid, etc.), amino acids 
(for exasple, glycine, alanine, aspartic acid, glutamic acid , 
etc.), molasses, stardh hydrolysate, and the like, which may 
be used at a concentration of from 1.0 zdM to 2.0 K. 

Examples of the phosphate ion include orthophosphoric 
acid, polyphosphoric acids (for example, pyrophosphoric acid, 
tripolyphosphoric acid, tetrapolyphosphorie acid, 

to tr apo lyme tapho sphor ic acid, etc.), polymetaphosphorie acids, 
inorganic phosphates (for example, potassium dihydrogen 
phosphate, dipotassium hydrogen phosphate, sodium dihydrogen 
phosphate, disodium hydrogen phosphate, etc.) , and the like, 
which may be used at a concentration of from 1.0 bM to 1.0 M. 

Examples of the magnesium ion include inorganic 
magnesium salts (for exasple, magnesium sulfate, magnesium 
nitrate, magnesitan chloride, etc.) , organic magnesium salts 
(for example, magnesium citrate, etc.), and the like, which 
may be used at a concentration of generally from 1 to 100 sM. 

Examples of the surfactant include those which can 
enhance the production of various sugar nucleotides, such as 
nonionic surfactants (for exasaqple, polyoxyethylene 
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octadecyludno (e.g. , S-215, manufactured by Nippon 
Oils and Fata Co.) / ate.)/ cationic surfactants (for example, 
cetyl trimethylaamonlian bromide, alkyldimethyl benzylaxmonium 
chloride (e.g. , Cation F2-40&, manufactured by Nippon Olla 
and Fata Co.) etc.), anionic surfactants (for example, 
lauroyl aarcoslnate, etc.) and tertiary amlnea (for example, 
alkyldlmethylamlne (e.g. , Tertiary Amine FB, manufactured by 
Nippon Olla and Fata Co.) , etc.) , which may be used alone or 
as a mixture of two or more. The surfactant may be used at a 
concentration of generally from 0 . 1 to 50 g/1 . 

Examples of the organic solvent Include xylene , 
toluene, aliphatic alcohol, acetone, ethyl acetate, and the 
like, which may be used at a concentration of generally from 
0 . 1 to 50 ml/1 . 

The reaction for forming a sugar nucleotide can be 
carried out In an aqueous medium at pH of from 5 to 10 , 
preferably fro m 6 to 9, at a temperature of fr om 20 to 50 e C 
and for a period of from 2 to 96 hours. 

The sugar nucleotide can be formed by the process . 
Examples Include a uridine diphosphate comp ound , a guanoslne 
diphosphate compound, a cytldlne monophosphate compound and 
the like . Spe cific examples Include sugar nucleotides 
selected from UDF-Glc, UDP-Gal, UDP-GlcKAc, UDP-GalKAc, 
UDF-GlcUA , GDP— Man, GDF-Fuc , CMP-NeuA c, and the like, and 
derivatives thereof . 
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Determination of the sugar- nucleotide formed, in the 
aqueous m e rH i im can be carried out in accordance with a known 
method, for example , isolation and determination of TJDP— Glo 
and DDP-Gal can be carried out by high performance liquid 
ehramatography (referred to as " HPLC" hereinafter) method 
described in Anal. Bio ah m m . , 216, 188 (1994). In addition/ 

isolation and determination of UDP-GlcNAc , GDF-Man, GDP— Fue 
CMP-NeuAc can be carried out by HPLC under the following 
conditions : 

Elution solution : 

0.1 M KH 2 P0 4 (adjust to pH 3.2 with H 3 P0 4 ) 

Plow rate: 

1 ml /min 

Column: 

Pcurtisil— 10 SAK (manufactured by Hhabnan) 

Detection: 

UV 262 no 
Determination : 

Calculated by comparing standard absorbance values 
Recovery of the sugar nucleotide formed in the 
reaction solution can be carried out in the usual way using 
activated carbon, an ion exchange resin and the like, for 
example , (JDP— Gal and XJDP- Glo can be recovered in woc o rdm*^ 
with the process described in J. Org. Cham. , 32, 152 (1992) , 
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and ODP-QloKAo with, the process d^scrited in *7* Ozy. C3iaa. , 
52, 146 (1992) . 

With regard to the microorganisms , animal oalls or 
insact cells eligible for In the production o£ the complex 
carbohydrate o£ the present Invention , all microorganisms , 
animal cells or insect cells capable of producing the coupler 
carbohydrate from a sugar nucleotide and a coupler 
carbohydrate precursor can be used. Examples of such 
microorganisms, animal cells or insect cells include those 
which have the activities of glucosyl transferase , 
galactosyl transferase , N-acetylglucosaminyl transferase , 
N-acetylgalactosaminyl transferase , glucuronosyltransf erase , 
mannosyl transferase , sialyl transferase , fucosyl transferase , 
and the like. 

In addition, microorganisms , animal cells or insect 
cells modified by recombinant DMA techniques can also be used 
in a similar way to the case of the above-mentioned sugar 
nucleotide production. Exaaples of such microorganisms , 
animal cells or insect cells include Escherichia coll which 
expres ses the ceramide glucosyl transferase gene derived from 
human melanoma cell line SK-Mel-28 (Proc. Natl. Acad. Sc±, 
USA., £3, 4638 (1996)), human melanoma cell line MM266-4 
which produces pi , 3 -galactosyl transferase (ATCC CRI* 1676) , 
recombinant cell line such as namalwa cell line KJM-1 or the 
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lik e which contains the (31 , 3-galactosyltransf erase gorio 
darivod from the human melanoma. call lina WC66-4 (Japanese 
Published Unexamined Patent Application No . 181759/94) , 

Bscheriohia coll (3MBO , 9, 3171 (1990)) or SaccharcBQrcee 

oaratri.ai.ae (BiochaB/ BiqpZzys. Bes. Gcsmnun. , 201 , 160 (1994)) 

which expresses tha f3l , 4-galactosyltransferasa gena derived 
from human Ba£»a cells, COS-7 call line (ATCC CRL 1651) which 
expresses the rat pi/ 6 -N-acetylglucosaainyl transferase gene 
(*J. Biol. Cham./ 2£8, 15381 (1993))/ Sf9 call lina which 

expresses human N-aoetylglucosaainyltransferase gene (*T. 
Biocbsm. , US; 568 (1995))/ Bscherictia coli which expresses 

human glucuronosyltransferase (Biocbsm. Blophys. Bes. Cmam. , 
19£, 473 (1993))/ naxnalwa cell line which expresses human 

al , 3-fucosyl transferase (*J. Biol. Cham., 269 . 14730 (1994))/ 

COS— 1 cell lina which expresses human cl ,3/1,4- 
fucosyltransferase ({Sanaa Bev. , 4/ 1288 (1990))/ COS-1 call 

line which axp r assas human al ^ 2-fucosyltxansferase (Proc. 
Natl. Acad. Sol. USA. , 92/ 6674 (1990)), COS-7 call line 

which expresses chicken a2 , 6-sialyl transferase (Sir. J. 
Biocbsm. , 219/ 375 (1994))/ COS cell line which expresses 

human cl 2 , 8 - sialyl transferase (Proc. Natl ~ Acad. Sci . USA. , 
91/ 7952 (1994)), JETaebaricbia coll which expresses (31 , 3-N- 

acetylglucosaminyl transferase , pi ,4 -galactosyl transferase , 

(31, 3 -N-acetylgalactosaminyl transferase or cl, 4- 

galaotosyltransferase derived from Neisseria (WO 96/10086) , 
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JEEscberlchie col i which axprossos Neisseria-derived 
a 2 , 3-sialyltransferaM («7. Biol . Chem. , 221 , 28271 (1996) ) , 
£7sc£xerlc£i±a coli which expresses Hillcobacter pylori-derived 
al , 3 -fucosyl transferase (J. Sio2- C h e ep . , 222/ 21349 end. 
21357 (1997) ) , JEscberichia coli which expresses yeast-derived 
al ,2 -mannosyl transferase (J. Oeg. C2seB. ; 53/ 3985 (1993)), 
and the like. 

Khan a microorganism is used for producing the 
oonplex carbohydrate of the present invention, the 
microorganism can be cultured using the saxne medl ittti under the 
same culture conditions as in the case of the above-mentioned 
microorganism capable of producing a sugar nucleotide fro m a 
nucleotide precursor and a sugar. 

When animal cells are used for producing the complex 
carbohydrate of the present invention, the preferred culture 
medium is generally RRflX 1640 medium. Eagle' s MEM medium or a 
modi urn thereof modified by further adding fetal calf aerum, 
and the like . The culturing is carried out under certain 
conditions, for example, in the presence of 5% CO^. The 
culturing is carried out at a tenperature of preferably from 
20 to 40°C for a period of generally from 3 to 14 days. As 
occasion demands, antibiotics may be addod to the medium. 

When insect cells are used for producing the cooplex 
carbohydrate of the present invention , culturing of the 
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insect cells can be carried out in accordance with the known 
process (<J. Biol. Cheat., 2 £&, 12609 (1993)). 

The culture broth of a mi croorgani sm , an animal cell 
line or an insect cell line obtained by the culturing and a 
treated product of the culture broth obtained by treating the 
culture broth in various ways can be used as an enzyme source 
for forming the complex carbohydrate in an aqueous medium. 

FSwainples of the treated product of the cul fcure broth 
include a concentrated product of the culture broth, a dried 
product of the culture broth, a culture supernatant obtained 
by centrifuging the culture broth, a concentrated product of 
the culture supernatant, an enzyme preparation obtained from 
the culture supernatant , cells (including microbial cells) 
obtained by centrifuging the culture broth , a dried product 
of the cells, a freeze-dried product of the cells, a 
surf actant- tre ated product of the cells, an ultrasonic- 
treated product of the cells , a mechanically disrupted 
product of the cells, a solvent-treated product of the cells, 
an enzyme-treated product of the cells, a protein fraction of 
the cells, an immobilized product of the cells and an enzyme 
preparation obtained by extraction fr o m the cells . 

The enzyme source used in the formation of the 
ccnplox carbohydrate is typically within the range of from 
0.1 mU/1 to 10,000 U/l, preferably from 1 mU/1 to 1,000 U/l 
(where 1 unit (U) is the amount of the enzyme activity which 


45 



33-0 5-1 2 : 0 0 : 1 4 PM : NGB PATENT DEPT 


.‘31 35561 3956 


6 6/ 7 0 


can form 1 nmole of the conplex r« rbohydr a te within 1 minute 
at 37°C) . 

Sxanples of the aqueous nsdhim used in tha formation 
of tha complex carbohydrate inoluda water , buffer solutions 
(for- example , those of phosphate, carbonate, acetate, borate, 
citrate, Tris, etc.), alcohols (for e x a mp le, methanol, 
ethanol, etc.), esters (for axanple, ethyl acetate, etc.), 
ketones (for example, acetone, etc.) , amides (for exaspla, 
acetamide, etc.) , and the like. Sach of the culture broths 
of microorganisms , animal cells or insect cells used as the 
enzyma sources may also be used as the aqu e ous medium. 

As occasion demands , chelating- agents (for axanplo , 
phytic acid, etc. ) , inorganic salts (for example , MnCl 2 , 
etc.) , p-mereaptoethenol and the like may be added. 

As the sugar nucleotide used in the formation of the 
ccoplex carbohydrate , die above-man tioned r e a ction solution 
obtained by the sugar nuoleotida formation or the sugar 
nucleotide purified from the reaction solution can be used at 
a concentration of from 0 . 01 sM to 2.0 M. 

Zn addition , a sugar nuoleotida can be supplied in 
the complex carbohydrate formation reaction solution by 
forming the sugar nucleotide by the above-mentioned process. 

With regard to the coaplex carbohydrate precursor 
used in the formation of the cceplex carbohydrate, any 
material can be used, so long as it can be used as the 
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substrate of glycosyl transferase. Examples Include 

monosaccharides, oligosaccharides , monosaccharides or 

oligosaccharides linked to a carrier or the like , proteins , 
peptides, lipids, glycoproteins, glycol ipids , glycopeptldes , 
steroid coopounds, and the like. 

Specific examples Include glucose, galactose, mannose, 
sialic acid , N-acetylglucosamlne , N-acetylgalactosamlne , 

lactose, N-acetyllsctosamlne , lacto-N-biose , GloNAo£l -3Gaipi - 
4Glc, GlaNAo£l-4Gaipi-4Glc , globotriose , Galal-4Gaipi-4GlcNAo, 
2 / -fucosyllactoae , 3-fueosyllactose, 3' -slalyllactose, 

6' -slalyllactose, 3" -sialyl -N-acetyllactosamlne , 6' -sialyl -N- 
aoatyllactoaaznins , sialyllacto-N— blose, lewis X, lewis a, 
lacto-N-tetraose , lacto-N-neotetraose , lactodlf ucotetraose , 
3' -sialyl-3-fucoayllactose, sialyl -lewis X, sialyl-lewis a, 
laeto-N-fucopentaose X, lacto-N-fucopontaose IX, lacto-N- 
fucopentaose XXX , lacto-H-fueopentaose V, LS-tatraaaccharide 
a, IS— tetrasaccharide b, IS— tetrasaccharide c, 

(o2 , 3) sialyllacto-H-neotetraose and derivatives thereof , 
serine, threonine, asparagine and peptides containing these 
amino acids and derivatives thereof, ceramide and derivatives 
thereof, and the like. The complex carbohydrate precursor 
can he used at a concentration of from 0.01 sxM to 2.0 M. 

Sxanples of the complex carbohydrate of the present 
invention include complex carbohydrates containing at least 
one sugar selected from glucose, galactose. 
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N-aetttylgluooaanine , K-u*^lgalaetosaminB , glueuronio acid, 
mannosa , N-aoatylmanno8ami.no , fucoso , sialic acid, laotosa , 
N-«e*tyllaetosamina , laefco-N-bio*a , GlcKAc£l-3Galpl— 4Glc , 

<31cdXAcpl-4Gaipi-4Glc, globotriose , Galal-4Gaipi-4GlcHAc , 

2' -fuoosyllactose, 3-f ueosyllactoao , 3' -aialyllaotoae, 

6' -sialyllaotos* , 3' -sialyl -M-aoatyllactosainina , 6' —sialyl— N— 

aostyllactosunin* , sialyllacto-N— bioso , Lmla X, Lewis a, 
laeto-N-ta’txaose, lacto-N-n*otetraosa , laotodif ueotetraoM , 
3' -sialyl-3-f ucosy llactoso , sialyl-Lawis X, sialyl-Lowi* a, 
lacto-N-fucopantaosa 1 , lacfco-N-fucppenfcaose XX , lacfco-N- 
fucopantao so XXX, lacto-N-fucopentaosa V, LS-tatrasaccfaaride 
a, LS'tetrasaceiiacida b, LS-tatrasaooharid* e, 

(a 2 , 3) sialyllaeto-H-neotatsaosa , lacfco-N-diffueohexaoso I , 

lacto-N-eiifucohoxaoso XX, lacto-N-hexaosa , lacto-N-naohexaose , 
di s ialy 1 laoto— N— tatraose and darivativas theraof ; and conplax 
ca rbohydrataa which contain tha just riawrri boH oongplax 
oarbohydratas . Sp e c ifically , they includa rnnplex 

eariMhydratas which contain a sugar hawing’ a bond salectad 
from Gaipi-3Glc, Gal01-4Glc, Gal01-3GleNAc, Gal01-4GldNAc , 
Gal01-3Gal , 3al01-4Gal, Gal|3l-3GaXNAc, Gaiftl-4GalNAc, 

Galal-3Glc , Galal-4Glc, Galal-3GloHAe, Galal-4GloNAo, 

Galctl-3Gal , Galal-4Gal, Galal -3GalNAc , Gelal-4GalNAc , 

Gl<=NAc01 -3Gal , GleNAe01-4Gel , GlcNAc01-6Gal , GlcNAc01-3Glc, 
GlaNAc01 -4G1 c , GleNAe01-3GlaNAo , GleNAo01-4GlcNAe, 

GlCNAe01-6GalNAc, GleNAe01 - 2Man , GlcNAo01-4Man, GldNAc01-6Man, 
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GalNAo01-3Gal, GalNAcpi-4Gal / Gall»api--4GlcNAO/ 
GaUGkcal -3GalKAc , Manf$l-4GlcNAe , Manal- Chian, Manal-3Man, 
Manal-2Man, GlctXApl -4GlcN , GlcOA01-3Ga-l , GlcOA01-3GlcNAc, 
GleUApi-3GalKAc, NeuAco2-3Gal , NeuAoa2-6Gal, NeuAca2-3GldNAc, 
NeuAca2-6GloHAc , NeuAoa2-3GalNAc , NeruAoa2-6GalHAc , 
NeuAaa2-8NeuAe, Fucal-3Gla, Fuoal-4Glc, Fucal-3Qlcd®c # 
Fucal-4GlcNAc, Fuoal-2Gal and 7ucal-6GlcNAc; and complex 
carbohydrates vhioh contain the just dascrited complex 
carbohydrates . In this caso, the number of sugars contained 
in the complex carbohydrate having the sugars may be 10 or 
below, or 6 or below. 

As specific processes for producing- the complex 
carbohydrates , 

(1) lactose can he formed from orotic acid/ gaXactosa and 
gXucose by carrying out. an enzyme reaction using culture 
broths of a microorganism having the ability to express 
Neisseria-derived pi , 4 -galactosyl transferase (WO 96/10086) / a 
microorganism having the ability to produce UTP from a 
precursor of OTP and a microorganism having the ability to 
produce UDP-Gal from a sugar and OTP/ or treated products of 
these culture broths / as enzyme sources / 

(2) N-aoetyllactosanine can be formed f r o m orotic acid/ 
galactose and N-acetylglucosamine by carrying out an enzyme 
reaction using culture broths of a microorganism having the 
ability to express Naisseria-dar ived 
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pi, 4 -gad.aetosyl transferase (WO 96/10086), a nicroorgtnlsn 
having the ability to produce DTP from a precursor of UTF and 
a nic ro o r g wni am having the ability to produce T3DP— Gal from a 
sugar and OTP, or treated products of these culture broths, 
as enzyme sources, 

(3) 3' — sialyllaotose can be formed from orotic acid, 
N— aoetylxnanxiosamine, pyruvic acid and lactose by carrying out 
an enzyme reaction using culture broths of a mi cro organism 
having the ability to express Meisseria-derived 
ot2 , 3 -sialyl transferase («7. Biol . Cham . , 231, 28271 (1996)), 
a microorganism having the ability to produce CTP from a 
precursor of CTP and a microorganism having the ability to 
produoa CMP—MeuAc from a sugar and CTP , or treated p r oducts 
of these culture broths, as enzyme sources, 

(4) 3' — sialyl —N—aoetyllactosamine can be formed from 
orotic acid, N-aeetylmannosamine, pyruvic acid and 
M-aostyllactosamlns by carrying out an enzyme reaction using 
culture broths of a mioroorgani m having the ability to 
express PTeissoris-darived a2 , 3-sialyl transferase (J. Biol. 
Cham. , 271 . 28271 (1996)), a microorganism having the ability 
to produce CTP from a precursor of CTP and a microorganism 
having the ability to produce CMP— NeuAc from a sugar and CTP, 
or treated products of these culture broths , as enzyme 
aourcez , 
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(5) S' -sialyl -N-acetyllactosamine can be fonuad from 

orotic aoid, N-acetylmannosamine , pyruvic and 

M-aca^llaetoaainin* by carrying out an «nsyma reaction using 
culture broths of COS— 7 coll line having- the ability to 

ax P rBSS chicken— derived ct2 , 6— sialyl transferase (Eur. J . 
Biochen. , 212 , 375 (1994)), a microorganism having the 

ability to produce CTP from a precursor of CTP and a 

microorganism having the ability to produce Q4P-NeuAc from a 
sugar and CTP, or treated products of these culture broths, 
as enzyme sources, 

(6) SldOepi-3G«ipi-4Qle can be formed from orotic acid, 

N— aootylglucoawinl no anri lactose by carrying out an enzyme 
reaction us ing culture broths of a m-i n having the 

ability to eatress Neisssris-darivad 

ft 1 / 3-W-aoatyigiucios ami nyl transferase (MO 96/10086) , e 

microorganism having the ability to produce DTP from a 
precursor of OTP and a mi oroo rg sn i s m having the ability to 
produce UDP— GlcNAc from a sugar and OTP, or treated products 
of these culture broths, as enzyme sources, 

(*7) lacto-N-tetraose can be formed from orotic acid, 

galactose and Glc!KAcpi-3Geipi-4Glc by carrying out an enzyme 
reaction using culture broths of human melanoma cell line 
MM266— 4 having the ability to produce 

pi , 3-galactosyl transferase (ATCC CRL 1676) or a transformant 
such as of namalwa cell line KJM-1 having the ability to 
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•aqprmss fil , 3-gal*cbosyltxansf eras* gone derived from human 
melanoma call Una MM?66-4 (Japan*M Publishad unaxamined 
Patent Application No. 181759/94) , a microorganism having tha 
ability to produoe OTP from a precursor of OTP a 
microorganism having tha ability to produce ODP-Oal from a 
sugar and UTP, or traatad products of thosa culture broths, 
as enzyme sources , 

(8) lacto-N-naotatraos^ can be forma LI from orotic acxcL, 
galactose and. GlctNAcpl— 3Gal{3l-4Glc by carrying out an enzyme 
taction using- cultura broths of Emdhmxich±a col± (29fflO 

3171 (1990)) or Saccharooycas cerevislae (Biochoa. B±crphys. 
Rea. Omnan . , 2Q1, 160 (1994)) having tht ability to express 
fil/- 4 -galactosyl transferase gene derived from human Bel* cell 
line, a microorganism having the ability to produce UTP from 
a precursor of UTP and a microorganism having the ability to 
produce t3DP-Gal from a sugar and UTP, or treated products of 
these culture broths , as enzyme sources , 

(9) lacto-N-neotetraosa can be formed from orotic acid, 
galactoso a nd QldNAc^l-3Gal|3l M 4Glc by carrying out an enzyme 
reaction using culture broths of a ^ having the 
“feility to egress Nsisssria-darived 
pi, 4 -galactosyl transferase (TO 96/10086), a microorganism 
having the ability to produce UTP from a precursor of UTP and 
a microorganism having the ability to produce UDF-Gal from a 
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sugar and UT F, oar treated produotia of these culture broths ; 
as enzyme touroes^ 

(10) lacto-N-neotetraose can be fo rm e d from orotic acid, 

H-acetylglucosa mine , galactose and lactose by carrying out an 
enzyme reaction using culture broths of a microorganism which 
can egress Mi.MOfi.a-doxi.voci 

Pi , B-N-acetylgluoosaminyl transferase (W0 96/10086) , a 

ml nroorganisa having the ability to eatress Neisseria-derived 
pi , 4 -galactosyl transferase (W0 96/10086) , a microorganism 

having the ability to produce UTP from a precursor of UTP, a 
microorganism having the ability to produce UDP-GlcNAc from a 
sugar and UTP and. a microorganism Having the ability to 
produce UDP-Gal from a sugar and UTP, or treated products of 
these culture broths, as enzyme sources, 

(11) (ct2 , 3) sialyllscto-N-neotetraose can be formed from 
orotic acid, N-acetylmannosamine , pyruvic acid and lacto— 
neotetraose by carrying out an enzyme r e ac tion using culture 
brotHs of a microorganism having the ability to eaqpress 
Neisseria-derived a2 , 3- sialyl transferase ( Biol. Cham. , 
271 / 28271 (1996)), a microorganism having the ability to 
produce CTP from a precursor of CTP and. a microorganism 
having the ability to produce CMP-NeuAc from a sugar and CTP, 
or treated products of these culture broths , as enzyme 
sources , 
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(12) lacto-N-fucopttntaosd XXX can ba focnad frcn G MP, 

uxmoia and lacto-N-naotatraosa by carrying out an anzymo 

raaotion using 1 oultura broths of nanalwa call lina having tha 
ability to express human-darivad al ; 3-fuoosyltransferase (<J. 
Biol . Own. , 2 £ 2 , 14730 (1994) ) , a microorganism having tha 

ability to produce GTP from a precursor of GTP and a 

mi cr oor ga nism having tha ability to produce C3DP-Puc from a 

sugar and GTP, or treated products of these culture broths, 
as enzyme sources, 

(13) lacto-N-fucopantaoaa XXX can be formed from O-fP, 

mannose and laoto-N-naotatraosa by carrying out an enzyme 

reaction using culture broths of a microorganism having the 
ability to express Helicobacter pyl orl -derived 

al , 3- fucosyl transferase (J. Biol. Chan. , 272 f 21349 and 

21357 (1997) ) , a microorganism having the ability to produce 

GTP from a precursor of GTP and a microorganism having the 
ability to produce GDP-Fuc from a sugar and GTP, or treated 
products of these culture broths, as enzyme sources, 

(14) globotriose can be formed from orotic acid, galactose 
and lactose by carrying out an enzyme reaction using culture 
broths of a microorganism having the ability to express 
Naiflsoria-der ivod al , 4 -galactosyl transferase (WO 96/10086) , 
a microorganism having the ability to produce OTP from a 
precursor of UTP and a microorganism having the ability to 
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produott UDF-Gal from a su gar and UTP, or treated products of 
these culture broths, as enzyme sources, 

(15) globotriosa can be formed from orotic acid, galactose 
and glucose by carrying out an enzyme reaction using culture 
broths of a microorganism having the ability to express 
Neiaaeria-dsrived {31 , 4 -galactosyl transferase (WO 96/10086), a 
microorganism having the ability to express Neisseria-derived 
al , 4 -galactosyl transferase (WO 96/10086) , a ^ m 
having the ability to produce UTP fro m a precursor of OTP and 
a mi croorgini am having the ability to produce UDP— Gal from a 
sugar and UTP, or treated products of these culture broths, 
as enzyme sources , 

(16) Galotl— 4Galj3l- 4GlcNAc can be formed fr om orotic acid, 
galactose and N— acetyl lac to samine by carrying out an enzyme 
reaction using culture broths of a microorganism having the 
ability to express Neisseria-derived 
al , 4 -galactosyl transferase (WO 96/10086) , a microorganism 
having the ability to produce UTP from a precursor of UTP and 
a microorganism having the ability to produce UDF— Gel from a 
sugar and UTP, or treated products of these culture broths, 
as enzyme sources , 

(17) lacto- N-biose can be formed fr o m orotic acid, 
galactose and N-aoatylglucosaaine by carrying out an enzyme 
reaction using culture broths of an cell line having 
the ability to express human— derived 
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pi / 3-galactosyl transferase (Japants* Published Unexamined 

Patent Application No. 181759/94) , a microorganism having the 
ability to produce DTP from a precursor of DTP and a 
microorganism having the ability to produce UDP-Gal from a 
sugar and DTP , or treated products of these culture broths , 
as enzyme sources , 

(18) sialyllacto— N-biose can be formed from orotic acid/ 

N— aoetylmannosamine , py ruvic acid and lacto-N-biose by 
carrying out an enzyme reaction using culture broths of a 
microorganism having the ability to express Ntoisseri a-derived 
02/ 3- sialyl transferase («7. Biol. Cham. , 221/ 28271 (1996))/ 

a microorganism having the ability to produce OTP from a 
precursor of CTP and a microorganism having the ability to 
produce CMP-NeuAc from a sugar and CTP/ or treated products 
of these culture broths / as enzyme sources / 

(19) sialyl-lewis X can be formed from GMP/ mannose and 
3' -aialyl“N-aoatyllaoto«*mina toy carrying out an enzyme 
reaction using culture broths of an animal cell line having 
the ability to express human-derived otl , 3-fucoayl transferase 
(*7. Biol. Cham./ 2fi3/ 14730 (1994) ) , a microorganism having 
the ability to produce GTF from a precursor of GTP and. a 
microorganism having the ability to produce (Z)P-Fuc fr o m a 
sugar and OTP/ or treated products of these culture broths , 
as enzyme sources. 
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(20) sialyl -Lewis a can 1 m formed from GMP, muinoaa and 

sialyllaeto-N-biose by carrying 1 out an enzyme reaction using 
human al, 3/1 , 4-fucosyltransf erase ( Ca rhoiaycirate JResearcb/ 

12Q/ X (1989)) and culture broths of a microorganism having 
the ability to produce OTP from a precursor of OTP and a 
microorganism having the ability to produce GDF-Fuc from a 
sugar and GTP, or treated products of these culture broths , 
as enzyme sources , and 

(21) Manal-2Man can be formed from 04F and mannose by 

carrying out an enzyme reaction using culture broths of 
ffsohsrichis coli having the ability to expires s yeast-derived 
al/ 2 -mannosyl transferase (*T. Org. Chma. , 58, 3985 (1993))/ a 

mlcroorgani am having the ability to produce GTP from a 
precursor of GTP and a microorganism having the ability to 
produce (SP^Han from a sugar and GTP/ or treated products of 
these culture broths , as enzyme sources . 

Processes for pro du cing ccsplex carbohydrates are not 
limited to the above-mentioned examples , and any other sugar 
chain can be produced industrially using a nucleotide 
precursor / a sugar and a complex carbohydrate precursor as 
the sole starting materials, within the range of 
glycosyl transferases which can be combined with the sugar 
nucleotide production process described herein and of the 
substrate specificity acceptable by the enzymes. 
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Exaxqples of the complex carbohydrate to be produced 
by the production process of the present Invention Include 

(1) complex carbohydrates Involved In the Infection with 
pathogenic microorganisms and viruses , such as cooplex 
carbohydrates which are recognized as receptors of pathogenic 
microorganisms and viruses, 

(2) cocplex carbohydrates which are recognized as 

r e ceptors of toxins produced by pathogenic microorganisms and 
viruses , 

(3) complex carbohydrates which are concerned, for 

exanple, In cell adhesion, recognition of foreign substances 
and binding of various types of lymphokina In the living body, 
and complex carbohydrates which contain one or a plurality of 
sugars such as glucose, galactose, K-acatylgluoosarru.no , 
N— acetylgalactosamine , glucuronic acid, mannose, 

N-acetylmannosamine, fucose, sialic acid and the like, in a 
chemically acceptable binding mode . More specific examples 
include 

(1) complex carbohydrates which are contained in the milk 
of human and animals , and involved in the protection of 
infants from microbial infection, for example, complex 
carbohydrates, such as lacto-K- tetraose , lacto-N-neotatraosa , 
and the like , 

(2) re ce ptor complex carbohydrates which recognize 
mi croorgan i sms , such as techarichia ccli , Pggpionihactsrxtaa 
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grAnuIo^ium, £&eobaeterit8B tuberculosis , JMbraxeXls cstarahlls , 
Q*nrfi c hi oLbioco#, Staphylococcus s^rqpbyticus , Streptococci^ 
j pnmximnn i mm , St re p t ococcus Ag&Iactiaa, P&mudbcmmMM aerugi now , 
Aa'tdjzoBxycas naeslundli , Neisseria gonorrhoeas , HmUcabactzar 
pylozr ± , Hammnph 1 Iub influenzae, and the lito, 

(3) receptor cooplrn carbohydrates of viruses , such as 
influenza virus, coronavirua, Sandal virus, nawcastle disease 
virus, roovirua , rotavirus, AZDS (HIV) virus, and tha Ilka, 

(4) raoaptor cco^lex oazbohydratos of protozoa, suoh as 
Cryptosporidium, Trypanosoma , and the Ilka, 

( 5 ) recaptor complex carbohydrates having the affini ty 

for toxins, such as cholera toxin, gschsrichia coll heat- 
labile toxin, botullnum toxin, clostridial 6 toxin, 

clostridial A toxin, Shiga toxin, Vero toxin, Shiga toxin- 
Ilka toxin. Vibrio parahaaoolyticus heat- stable toxin, 
tetanus toxin, and the like, 

(6) cancer— related conplex carbohydrates such as 

gangliosidas (for example , GD3, 043, ate.), globoside 
glyeolipids , and the like , 

(7) complex carbohydrates which are concerned in the 
adhesion of leukocytes to inflammatory regions and 
modification of their functions, such as sialyl -Lewis X sugar 
chain, and the like. 
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(8) oonplex carbohydrates concerned in autoimune 

diseases, such as rheumatoid arthritis, XgA 

gloneruloiwphritiB , and the like, and 

(9) complex carbohydrates which are recognized by various 

lectin-like substances concerned in recognition of 

foreign bodies and cancer cells . 

Determination of the ccnplex carbohydrate formed in 
the aqueous modi inn can be carried out in accordance with 
known methods (Proc. Natl. Acad. Pci. USA. , 85, 3289 (1988), 

Anal. Bioches., 174 . 459 (1988)). 

Recovery of the complex carbohydrate formed in the 
reaction solution can be carried out in the usual way using 
activated carbon, an ion exchange resin and the like, for 
e x a mp le , N-acetyllaetosamina can be recovered in accordance 
with the process described in J. osrg. Cham. , 42, 5416 (1982) . 

Bimirp les of the present invention are given below by 
way of illustration and not by way of limitation. 

RP.BT M PD1C OF CARRYING OQ T mwe t kVENTTXCM 
Wx a rnp le 1 : Construction of recombinant plasmid t of 

expressing galU and ppa 

Construction process of recombinant plasmid pMT12 
capable of expressing galU and ppa is described in the 
following (Pigs. 1 and 2) . 

1) Construction of expression vector containing P T , promoter 
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Construction of pPA31 and pPAC31 as P L prcsaoter- 
containing expzwssion vactors wars carried out in th e 
following manner (Fig. 1) . 

F’scherichia aol± JM109/pTrS30 (PERM BP-5407) ~V.-i 

has tryptophan proaotar-containing plasmid pTrS30 and anothar 
Es c - Jimr l chia coli which has Pj. promotsr-oontaining plasmid 
pPAl (Japanese Published UiMxsoinad Patent Application Mo. 
233798/88) and P L proooter- and cl 85 7 repressor- containing 
plasmid pPACl (FERM BP— 6054 ) were separately inoculated into 
I® madium (10 g/1 Bacto-Tryptone (manufactured by Difao) , 5 

9/ 1 faast Extract (manufactured by Dif co) and 5 g/1 NaCl , 
adjusted to pH 7.2) and cultured at 30°C for 18 hours . 

From the cells obtained by the culturing, pTrS30, 
and pPACl plasmid DNAs wo r e isolated and purif ied by the 
above-mentioned known processes . 

A 0.2 (jg portion of the thus purified pTrS30 DMA was 
cleaved with restriction enzymes Pst 1 and CleX, the resulting 
m<A fragments were separated by agarose gel electrophoresis 
and then a fragment of 3.4 kb was recovered using pane Clean 
ZX Kit (manufactured by BiolOl) . A 0.5 ug portion of the 
purifisd pPAl DMA was cleaved with restriction enzymes Pst I 
ttnd 02 aT , the resulting DNA fragments w e r e separated by 
agarose gel electrophoresis and then a fragment of 1 . 0 kb was 
recovered in the same manner. 
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Using * ligation kit (TAKARA Ligation Kit, 
nanufacturad by Takara Shuzo Co. , Ltd. ) , the fragoanta of 3.4 
kb and 1.0 kb wore subjected to ligation reaction for- 16 
hours at 16°C . 

Using the ligation reaction solution, Each*rlch±a 
cold. NMS22 was transfonaad in aocozdanoe with the a b ov e — 
mentioned known process, and the resulting transformant was 
spread on 13 agar mwiii tan containing 50 (jg/ml ampicillin and 
then cultured overnight at 37°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
k^own process , the promoter-effected expression vector 
pPA31 was Obtained . Structure of the plasmid was recognized 
by restriction enzyme cleavage (Fig. 1) . 

A 0.2 MU portion of the purified pFA31 DNA was 
cleaved with restriction enzymes Psfcl and Clal, the resulting 
DMA fragments were separated by agarose gel electrophoresis 
and than a fragment of 3.4 kb was recovered using fiene clean 
II Kit. A 0.5 |jg portion of the purified pFACl DMA was 
cleaved with restriction enzymes Pst I and Clal, the resulting 
DMA fragments were separated by agarose gel electrophoresis 
and then a fragment of 2 . 3 kb was recovered in the sane 
manner . 

Using a ligation kit, the fragments of 3.4 kb and 2.3 
kb were subjected to ligation reaction for 16 hours at 1 6°C . 
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Using the ligation reaction solution, .Escherichia 
coJLi NM522 was transformed in accordance with the above- 
mentioned known process , and. the resulting transformant was 
spread on I*B agar medium containing 50 jjg/ml anpicillin and 
then cultured overnight at 37°C. 

By extracting a plasmid from the thus giow n colonies 
of the transformant in accordance with the above-mentioned 
known process, the P L promoter-effected cI857 repressor- 
containing expression vector pPAC31 was obtained. Structure 
of the plasmid was recognized by restriction enzyme cleavage 
(Fig. 1) . 

2) Construction of galU expression plasmid 

Chromosomal DNA of toefaerichia coli W3100 was 
isolated and purif iod by a known process (for example , 
Current Protocols in Molecular Biology, John Wiley and Sons 
Ino. (1994)). 

The sense strand DNA primer shown in SEQ TD NO : X and 
the antisence strand DNA primer shown in SEQ XD NO: 2 were 
synthesized using 380 A DKA Synthesizer manufactured by 
AppXied Biosystems. 

The FCR process was carried out using the synthesized 
ONA strands as primers, and the chromosomal DNA of the strain 
W3110 as the terplata. The PGR was effected using 40 fjil of a 
reaction solution containing 0 . 04 jig of the W3110 chromosomal 
DNA, 0.5 jjM of each primer, 1.0 unit of TAKARA Ex Tag 
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(nanuf«ctur*d by Takara Shuzo Co. , Ltd. ) , 4 (xl of 10 x Ex Taq 
buffer (manufacturad by Takara Shuzo Co. , Ltd.) and 200 (iM of 
•aoh deoxyNTP, and repeating 30 cyales of the reaction, aaoh 
cycle containing 94°C for 1 minute, 42°C for 2 minutes and 
72°C for 3 minutes . 

A 1/10 volume of the reaction solution was subjected 
to agarose gel electrophoresis to verify amplification of the 
fragment of interest, and then the remaining reaction 
solution was mi wed with the same volume of phenol /chloroform 
(1 vol/1 vol) solution with saturated IS (10 nfcf Tris-HCl 
buffer (pH 8 . 0) and 1 s(f EDTA) . The mixture solution was 
centrifuged , and the thus obtained upper layer was with 

2 volumes of cold ethanol and allowed to stand for 30 minutes 
at — 80°C. The solution after standing was centrifuged to 
obtain a precipitate of UNA. The precipitate was washed with 
70% cold ethanol a n d dried in vacuo to recover the 
precipitate. Hereinafter, the steps starting from the 
addition of phenol/ c hl oroform solution with saturated TE 
until the recovery of the ethanol-washed DMA are referred to 
as an ethanol precipitation process . 

The DMA. precipitate was dissolved in 20 ul of TB. 
Using S |xl portion of the solution, DMA was claaved with 
restriction enzymes Hindi 1 1 and , the resulting DMA 

fragments were asperated by agarose gel electrophoresis and 
then a fragment of 0.9 kb was recovered using Gone Clean XI 
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Kit. A 0.2 jig portion of pPA31 DNA Qibtainad in Bxan^le 1-1) 
was clMvod with, restriction enzyme* Hindi 1 1 and ITnffT. the 
resulting’ DKA fragments were separated by agarose gel 
electrophoresis and then a fragment of 4.2 kb was recovered 
in the same manner. 

Using a ligation kit, the fragments of 0.9 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , j?s chsrichi* 
coli R3T8415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on IB agar medium containing 50 tig/ml ampicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus gro wn colonies 
of the transformant in accordance with the above-mentioned 
known process, galU expression plasmid pNT9 was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 2) . 

3) Construction of simultaneous galU, ppa expr ession plasmid 

The sense strand DNA primer shown in SBQ ID MO: 3 and 
the antisenoe strand DMA primer shown in SBQ ID MO: 4 were 
synthesized, and the PGR was carried out using the 
synthesized DMA strands as primers, and the chromosomal DNA 
of the strain W3110 as the template, under the same 
conditions as described in the foregoing. 
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A ftar completion of the FOR trubient^ a preei.pi.tafc* 
of DMA was obtained by fch* ethanol precipitation process . 
The precipitate was dissolved in 20 jul of TE. Using 5 pi 
portion of the solution, the DMA was cleaved with restriction 
enzymes fionfll and Sail , the resulting' DMA f ragments were 
separated by agarose gel electrophoresis and then a fragment 
of 1.0 kb was recovered using Gene Clean XX Kit* A 0.2 pg 
portion of pNT9 DMA obtained in Bxasple 1-2) was cleaved with 
restriction enzymes SaafiX and Sail , the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 4 * 9 kb was recovered in the same manner . 

Using a ligation kit, the fragments of 1.0 kb and 4.9 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
coli KY8415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on LB agar medium containing 50 pg/ml ampicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus gr o wn colonies 
of the transformant in accordance with the above-mentioned 
known process, the galU, ppa simultaneous expression plasmid 
PNT12 was obtained. Structure of the plasmid was recognized 
by restriction enzyme cleavage (Fig. 2) . 

A 0.5 jig portion of the pNTl2 DMA was cleaved with 
restriction enzymes EccftX and Sail , the resulting DMA 
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fr aqw nts wtro separatod by Agarose gel slactrophoresis and. 
then a fragment of 2.2 kb was recovered, using Gene Clean XI 
Kit. Separately from this , a 0.2 pg portion of pSTV28 DMA 
(manufactured by TaJcara Shuzo Co. , ltd.) was cleaved with 
restriction enzymes ScdKL and Sal I , the resulting DMA 
fragments ware separated by agarose gel electrophoresis and 
then a fragment of 3 . 0 kb was recovered In the same manner . 

Using a ligation kit, the fragments of 2.2 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , fTscherlchla 
coll MM522 was transformed In the usual way, and the 
resulting transformant was spread on LB agar medium 
containing 10 jxg/ml chloramphenicol and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus g ro wn colonies 
of the transformant in the usual way, the galU, ppa 
simultaneous expression plasmid pNT32 waa obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 2) . 

"Example 2: Production of UDP-Glc 

Escherichia coll KY8415/pNT12 obtained in Example 1 
was inoculate d into all baffled conical flask containing 
125 ml of IjB medium supplemented with 50 fig/ml ampicillln and 
cultured at 30°C for 17 hours under shaking at 220 rpm. A 
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125 ml portion of the culture broth was inoculstad into a 5 X* 
culture vesssl containing 2.5 L of an aqueous medium (without 
adjusting pB) which contains 10 g/1 glucose , 12 g/1 Bacto- 

Tx-yptone (manufactured by Difeo) , 24 g/1 Yeast Extract 

(manufactured by Difeo) , 2.3 g/1 KHsPO* (separate 

sterilization) ^ 12.5 g/1 (separate sterilisation) and 

50 pg/ml anpicillin and cultured at 30°C for 4 hours and then 
at 40°C for 3 hours, under conditions of 600 rpcn and 2.5 
Ii/rnin of aeration . 

During the culturing, pH of the medium was maintained 
at 7.0 using 28% aqueous ammonia. In addition, glucose was 
added during the culturing when required. The culture broth 
was centrifuged to obtain wet cells . As occasion demands , 
these wet cells can be preserved at -20°C and utilized by 
thawing the cells prior to use. 

Ooryzebscteriias ammren i age ne s ATCC 21170 was 
inoculated into a 300 ml -baffled conical flash containing 20 
ml of an aqueous medium of 50 g/1 glucose, 10 g/1 Polypeptone 
(manufactured by Nippon SeiyaJcu) , 10 g/1 Yeast Extract 

(manufactured by Oriental Yeast) , 5 g/1 urea, 5 g/1 (NH 4 ) 2 S0 4 , 
1 g/1 K^PO*, 3 g/1 KaHFO*, 1 g/1 MgSO^HsO, 0.1 g/1 CaClj^Hjp, 
10 mg/1 FeS0 4 -7H20, 10 mg/1 ZnSO^-lB^O, 20 mg/1 MnS0 4 * 4-6H^O, 

20 mg/1 Xt-cysteine, 10 mg/1 calcium D-pantothenate , 5 mg/1 

vitamin , 5 mg/1 nicotinic acid and 30 jog/l biotin 
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(adjusted to pH 7.2 with 10 N NaOH) and cultured at 28°C for 
24 hours under shaking at 220 rp n . 

A 20 ml portion of the culture broth was inoculated 
into a 2 It baffled conical flask containing 250 ml of the 
same aqueous medium and cultured at 28°C for 24 hours under 
shaking at 220 zpn. The thus obtained culture broth was used 
as a see d culture broth. 

A 250 ml portion of the seed culture broth was 
inoculated into a 5 L culture vessel containing 2.25 X* of an 
aqueous medium of 150 g/1. glucose, 5 g/1 meat extract 
(manufactured by Kyokuto Pharmaceutical Industry) , 10 g/1 
KHaPO*, 10 g/1 KjHPO^ 10 g/1 MgS0 4 »7H^0, 0-1 g/1 CaCl 2 -2H 2 0, 20 
mg/1 FeS0 4 * 7^0 , 10 mg/1 ZnSO^HjO, 20 mg/1 MnS0 4 -4-6H 2 0 
(separate sterilization) , 15 mg/1 p-alanine (separate 
sterilization) , 20 mg/1 L-cysteine, 100 Mg/1 biotin, 2 g/1 
urea and 5 mg/1 vitamin % (separate sterilization) (adjusted 
to pH 7 . 2 with 10 N NaOH) and cultured at 32°C for 24 hours 
under conditions of 600 rpm and 2.5 L/min of aeration. 
During the culturing, pH of the culture broth was maintained 
at 6.8 using 28% aqueous ammonia. 

The culture broth was centrifuged to obtain wet cells . 
As occasion demands, these wet cells can be preserved at - 
20°C and utilized by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composi tion of 40 g/1 ffscherichia coli KY841S/pNT12 wet cells. 
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150 g/l Coryna hact^ritm asnosi«ga&a5 ATCC 21170 wet oells , 
100 g/1 glucose, 20 g/1 K^PO*, 5 g/1 MgSO^HaO, 5 g/1 phytic 
acid, 21 . 2 g/1 orotic acid (potassium salt) , 4 g/1 Nymnon 
S-215 and 10 ml/1 xylene was put into a 200 ml beaker, and 21 
hours of the reaction was carried out at 32°C under stirring 
the reaction solution with a magnetic stirrer (900 rpm) . 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and glucose and KHaFO* were 
added when required. 

By the reaction, 43.9 g/1 UDP-Glc (2Na salt) was 
formed in the reaction solution. 

Example 3: Construction of recombinant plasmid capable of 
expressing galT and galK 

Construction process of recombinant plasmid pNT25 
capable of expires sing galT and galK is described in the 
following (Fig. 3) . 

The sense strand DNA primer shown in SEQ ID NO: 5 and 
the antisence strand DNA primer shown in SEQ XD NO : 6 were 
synthesized. The PGR was carried out using the synthesized 
DNA strands as primers, and the chromosomal DNA of the strain 
W3110 as the template, tinder the same conditions as described 
in the foregoing. 

After comp letion of the PCR treatment , a precipitate 
of DNA was obtained by the ethanol precipitation process . 
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The precipitate was dissolved In 20 |xl of TE . Using 5 (JLl 
portion of the solution , the DNA was cleaved with restriction 
onxymss Kind! xi and Hindi , the resulting DMA. fragments ware 
separated by agarose gel electrophoresis and then a fragment 
of 2.3 kb was recovered using Gene Clean XX Kit. A 0.2 \i g 
portion of pBluescript XX SK+ DMA was cleaved with 
restriction enzymes Hindi XX and JEcaRV, the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 3 . 0 kb was recovered in the seme manner * 

Using a ligation kit, the fragments of 2.3 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
coli MM522 was transformed in accordance with the above* 
mentioned known process , and the resulting transformant was 
spread on XiB agar medium containing 50 jxg/ml ampicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known process, plasmid pNT19 containing galT and galX genes 
was obtained. Structure of the plasmid was recognized by 
restriction enzyme cleavage (Fig. 3) . 

A 0.5 tig portion of the pNT19 DMA was cleaved with 
restriction enzymes ClaX and fiasfiX , the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 2.3 kb was recovered in the same manner. 
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A 0.2 jig portion of the pPAC31 DKA obtained in Example 1-1) 
was cleaved with restriction enzymes daX and Band , the 
resulting DKA fragments were separated by agarose gel 
electrophoresis and then a fragment of 5.5 kb was recovered 
In the same manner. 

Using a ligation kit/ the fragments of 2.3 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16°C . 

Using the ligation reaction solution, .Escherichia 
coli NM52 was transformed In a c cordance with the above- 
mentioned known process , and the resulting transf oramnt was 
spread on X*B agar medium containing 50 yug/ml> amplclllln and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus gr ow n colonies 
of the transformant In accordance with the above-mentioned 
known process, plasmid pNT25 capable of expressing galT and 
galK simultaneously was obtained. Structure of the plasmid 
was recognized by restriction enzyme cleavage (Fig. 3> . 

Example 4: Production of UDP-Gal 

1) Preparation of galT, galK, galU, ppa expression strain 

Using the pNT32 DKA obtained In Example 1-3) , 
Escherichia coli KM522/pNT25 was transformed in accordance 
with the above-mentioned known process , and the resulting 
transformant was spread on IjB agar medium containing 50 ng/ml 
asopicillin and 10 (ig/znl chloramphenicol and then cultured 
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ov * rni 9 ht at 30 ° c - By selecting the thus grown transformants, 
£«atwriciua coll NM522/pNT25/pNT32 w u obtained as the galT, 
9*^/ 9*19; ppa axprassion strain. 

2) Production of ODP-Gal 

E*ch*ri cJaxa coli NMS22/pNT25/pNT32 in 
Kvsnjple 4-1) was cultured in the same manner as in Exaspla 2, 
and the culture broth was centrifuged to obtain wet cells . 
Also, Oorynefoaefcerium maaonlMgmams ATCC 21170 was cultured in 
the same manner as in Rx a inp le 2 , and the culture broth was 
centrifuged to obtain wet oells. As oooasion demands, the 
wet cello can be preserved at -20°C and utilised by thawing 
than prior to uiq . 


A 2 1 portion of a reaction solution having a 

of 50 g/1 JSscheriahia coll NM522/pMT25/pNT32 wet 
' 150 ^/1 Coiynabactarium ami mi agones ATCC 21170 wet 

cells, 80 g/l glucose, 20 g/1 galactose, 15 g/1 KHaPO*, 5 g/1 
MgS0 4 >7H 2 0, 5 g/1 phytic acid, 21.2 g/1 orotic 

(potassium salt) , 4 g/1 M ymnnn S-215 and 10 ml/1 xylene was 

put into 5 I, culture vessel, and 26 hours of the reaction was 

c “ xi * d out at 32 ° c u»«3er stirring the reaction solution at 
600 rpm with an aeration rate of 1 L/min. 

® ur ^’ n 9 the reaction, pH of the reaction solution was 
aaintainod at 7 . 2 using 4 N NaOH , and glucose , galactose and 
KH 2 P 0 4 were added when required. 
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By the reaction , 47.4 g/1 UDP-Gal (2Na salt;) was 
formed in the raaotion solution . 

Example 5 : Construction of recombinant plasmid capable of 
expressing galT and galK in Corynahacfceri- tan a jjnz *ni agaoes 

Construction process of recombinant plasmid pTK7 
capable of eaqprstsing EMchmr±c2i±a. aal ± -derived galT and galK 
in Coxpmbactsriim anzooniagenas is described in the following 
(Fig. 4) . 

1) Construction of pCG116 

Plasmid pCGl!6 capable of replicating in 
Cbzynabacteri tan ammozzxagenes was constructed in the following 
manner. 

A 0.5 tig portion of plasmid pCGll (Japanese Published 
Examined Patent Application No. 91827/94) DNA was cleaved 
with restriction enzymes Pstl and StuX , the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 6.5 kb was recovered using Gene Clean XI 
Kit. 

On the other hand, a 1.0 fxg portion of plasmid pUC19 
DNA was cleaved with a restriction enzyme KcaRX and then 
blunt-ended using DNA Blunting Kit (manufactured by TsJcara 
Shuzo Co., Ltd. ) . The DNA thus blunt-ended was cleaved with 
a restriction enzyme FatX , the resulting DNA f ragnsnts were 
separated by agarose gel electrophoresis and then a fragment 
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43 bf> was recovered using MHSfeaaid Kit (manufsctuxsd by 
BiolOl) . 

Using a ligation kit, the fragnants of 6.5 kb 43 

W ® EB subjected to ligation sanc t ion for 16 hours at 16°C. 

Using the ligation sanction solution, TTm 

amoniagane* ATCC 21170 was transformed by tha 
alactscaposation method (FS MS Micsrablol . Xefc*. , £5, 299 

(1989) ) , and tha sesulting transformant was spsaad on t.w agas 
aoadium containing 100 ng/ml spectinonycin and then cultured 
at 30 S C fos 2 days . 

By extracting a plasmid froo the thus grown colonies 
of tha transformant in accordance with tha known process ( J. 
S * et * ario ^' ' 153/ 306 (1984)), plasmid pCG116 was obtained. 

the plasmid was recognized by restriction enzyme 
cleavage (Fig. 4) . 

2) Construction of pTK7 capable of expressing galT and galK 

A 1.0 ng portion of tha galT and galK expression 

plasmid pNT25 OKA obtained in B x ampl e 3 was cleaved with 

restriction enzymes XhoX and Bazzfil , the resulting OKA 

fragments were separated by agarose gel electrophoresis and 

*^ >an a ^ r *SP nan t of 3.5 kb was recovered using Gene Clean ZZ 
Kit. 

On the other hand, > 0.5 |jg portion of the r 1 
PCG116 DKA prepared in Bxasple 5-1) was cleaved with a 
restriction enzymes Sail and Bsafll, the resulting OKA 
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fragments were separated to y agarose gel alaotrophorosis and 
then a fragmant of 6.5 kb was racovarod in the same nannar. 

Using a ligation kit/ tha fragments of 3.5 kb and. 6,5 
kb wa rt subjected to ligation raaction for 16 hours at 16°C. 

Using tha ligation reaction solution , Gozynebscteriis& 
asnaoQiag«z 2 S 5 ATCC 21170 was transformed toy tha 
•laotroporation prooass / and the rasultlng transformant was 
spread on LB agar medium containing 100 ^tg/ml apoctinocoycin 
and then cultured at 30°C for 2 days. 

By extracting a plasmid from tha thus gro wn colonies 
of tha transformant In accordance with tha known process , 
plasmid pTK7 capable of expressing gaJLT and galR 
simultaneously was obtained. Structure of the plasmid was 
recognized toy restriction enzyme cleavage (Fig. 4) . 

Example 6: Production of UDP-Gal 

Cozyuftbae fcar-i tzra emmruTLaganee ATCC 21170/pTK7 obtained 
In Example 5 was cultured toy tha same process as described In 
Example 2 at 32°C for 20 hours and then at 40°C for 4 hours, 
and the thus obtained culture broth was centrifuged to obtain 
wet cells . As occasion demands , the wet cells can toe 
preserved at -20°C and utilized toy thawing them prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 150 g/1 Corynebacterium ammonlagazzes ATCC 
21170/pTK7 wet cells , 40 g/1 fructose , 20 g/1 galactose, 15 
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g/1 KHaPO,, 5 g/1 MgSO^HaO, 5 g /1 phytic acid, 10.6 g /1 
orotic acid (potassium salt) , 4 g/1 Nymaan S-215 and 10 ml/1 
acylsns was put into a 200 ml beaker, and 22 hours of the 
reaction was carried out at 32 °C undor stirring tha reaction 
solution with a magnetic stirrer (900 rpm) . 

During tha reaction, pH of tha reaction solution was 
maintained at 7.2 using 4 N NaOH, and fructose , galactose and 
KB 2 PQ 4 ware added when required . 

By the reaction , 7.2 g/1 UDP-Gal (2Na salt) was 
formed in tha reaction solution. 

Example 7: Construction of glinD, ppa, pgm, glmM, glk and 
pfkB expression plasmid 

1) Construction of glxnU and ppa expression plasmid 

The sense strand DNA primer shown in SEQ ID NO : 7 and 
the antisanoe strand DNA primer shown in SEQ ID NO : 8 were 
synthesised. Tha PGR. was carried out using tha synthesized 
DNA strands as primers, and tha chromosomal DNA of tha strain 
W3110 as tha template, under the same conditions as described 
in tha foregoing . 

After completion of the PCR treatment, a precipitate 
of DNA was obtained by the ethanol precipitation process . 
The DNA precipitate was dissolved in 20 ^lL of TE. Using 5 \jlX 
portion of the solution, the DNA was cleaved with restriction 
enzymes Kindi XI and Besfil, the resulting DNA fragments w ere 
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soparat^d by agarosa gel elaotrcphorasis and than a fragment 
of 1 . 4 kb was racovarad using Gana Clean XX Kit . A 0.5 \ ju $ 
portion of pFA31 DMA obtained in Example 1-1) was claavad 
with ras triction anzymas Kindi I I and BofiX, the resulting DKA 
fragments wars separated by agarose gel electrophoresis and 
then a fragment of 4 . 2 kb was recovered in the same manner . 

Using a ligation kit, the fragments of 1.4 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution. Esc. beriahia 
coll KX8415 was transformed in accordance with the above- 
mentioned known process , and the resulting transformant was 
spread on LB agar medium containing 50 jjg/ml anqpicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus g ro wn colonies 
of the transformant in accordance with the above-mentioned 
known process, glmU expression plasmid pNTIO was obtained. 
Structure of the plasmid was recognised by restriction enzyme 
cleavage (Fig. 5) . 

A 0.5 |og portion of the pNT12 DKA obtained in Example 
1-3) was cleaved with restriction enzymes BasSX and SS1X , the 
resulting DKA fragments were separated fay agarose gel 
electrophoresis and then a fragment of 1 . 0 kb was recovered 
in the same manner. A 0.2 |ig portion of the just described 
pNTIO DKA was cleaved with restriction enzymes BasfiX and SMlX , 
the resulting DKA fragments were separated by agarose gel 
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electrophoresis and than a fragment of 5 . 3 kb was racovtrod 
in the same manner. 

Using a ligation kit, the fragments of 1.0 kb and 5.3 
kb were subjected to ligation reaction for 16 hours at 16 Q C. 

Using the ligation reaction solution, Atec&erxcbla 
coli KY8415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on X*B agar medium containing 50 pig/ml axnpicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known process, the glmU, ppa simultaneous expression plasmid 
pNT14 was obtained. Structure of the plasmid was recognised 
by restriction enzyme cleavage (Fig. 5) . 

2) Construction of pgm egression plasmid 

The sense strand DNA primer shown in SBQ XD NO : 9 and 
the antisenod strand DNA primer shown in SBQ XD NO: 10 were 
synthesized. The PCR was carried out using the synthesized 
ONA strands as primers, and the chromosomal, ONA of the strain 
W3110 as the tonplate, under the same conditions as described 
in the foreg o ing . 

After completion of the FCR, a precipitate of DN A was 
obtained by the ethanol precipitation process . The 
precipitate was dissolved in 20 [U of TE. Using 5 M-L portion 
of the solution, the DNA was cleaved with restriction enzymes 
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ClaX and Band, the resulting DNA fragments were separated by 
agarose gel electrophoresis and then a fragment of 1.8 kb was 
recovered using Gene Clean XX Kit. A 0.2 |Ag portion of the 
pPAC31 DNA obtained In Example 1-1) was cleaved with 
restriction enzymes C2al and JBazzfiX , the resulting DHA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 5 . 5 kb was recovered In the same manner . 

Using a ligation kit, the fragments of 1.8 kb and 5.5 
kb w er e subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
call NM522 was transformed in accordance with the above- 
mentioned known process , and the resulting transformant was 
spread on LB agar medium containing 50 ^ig/ml ample! 11 in and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus g r ow n colonies 
of the transformant in accordance with the above-mentioned 
known process, pgin expression plasmid pNT24 was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 6) . 

3) Construction of glxnK expression plasmid 

The sense strand DNA primer shown in SEQ XD HO: 11 and 
the antisence strand DHA primer shown in SEQ ID NO: 12 were 
synthesized. The FCR was carried out using the synthesized 
DNA strands as primers , and the chromosomal DNA of 
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Escheri chij coll W3110 as the baseplate, undtr the same 
conditions as described in 'the foregoing. 

After completion of the PCR, a precipitate of DNA was 
obtainad by tha othanol precipitation process . The 
precipitate was dissolved in 20 pi of TE. Using 5 pi portion 
of tha solution, tha DNA was claavad with restriction enzymes 
CiaT and RsraKI , the resulting DNA fragments were separated by 
agarose gal electrophoresis and than a fragment of 1 . 6 kb was 
recovered using Gene Clean XX Kit. A 0.2 jog portion of the 
pPAC31 DNA obtained in Exasple 1-1) was cleaved with 
restriction enzymes ClaX and Bwfll , the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 5 . 5 kb was recovered in the same manner » 

Using a ligation kit, the fragments of 1.6 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, fscheri chia 
coli NM522 was transformed in accordance with the above- 
mentioned kn own process , and the resulting transformant was 
spread on LB agar medium containing 50 ng/ml anpicillin and 
then cultured overnight at 30°C . 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known process, glmM expression plasmid pNT44 was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 7) . 
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4) Construction off glk eacpressio n plasmid 

Th* sens* strand DNA pri mar shown in SBQ ID NO: 13 
the antisenoe strand DNA priaar shown in SBQ ID NO: 14 ir ara 
synthasizad. Tha PCR was carrlad out using tha synthasized 
strands as priaars , and tha chromosomal DNA off 
Sscharichia aol± W3110 as tha tanplata, undar tha same 
conditions as dascribad in tha ff 00090109 . 

Afftar ““Pl^tion off tha PCR, a praeipitata off DNA was 
obtainad by tha athanol praoipitation prooass . Tha 

praeipitata was dissolved in 20 |xl of IS. Using 5 pi portion 
of th * solution, tha DNA was cleaved with restriction enzymes 
rir, "CII and Bsnfil , tha resulti ng DNA fragments we r e separated 
by agarose gal electrophoresis and than a fragment off 0.5 kb 
was recovered using Game Clean II Kit. 

A 0.2 ng portion off tha pPA31 DNA in ^ 

1-1) was cleaved with restriction enzynms Hindi 1 1 BmaBT, 

tha resulting DNA fragments were separated by agarose gel 
electrophoresis and than a fragment off 4 . 2 kb was recovered 
in < the same nftnner . 

Using a ligation kit, the fragments of 0.5 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Smahm^±ch±m. 
coli NM522 was transformed in accordance with the usual 
process, and the resulting transformant was t p r od on TT * agar 
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medium containing SO ng/ml ampiciilin and than cultured 
overnight at 30 °C. 

By extracting a plasmid from the thus g row n colonies 
of the transformant in the usual way, plasmid pNT45 
containing a part of glk was obtained. Structure of the 
plasmid was recognized by restriction enzyme cleavage (Fig. 
8 ) . 

The FCR was carried out under the same conditions 
described above , the DNA contained in 5 \xX portion of the 
thus obtained DNA solution was cleaved with a restriction 
enzyme Hi rariTIX , the resulting DNA fragments were separated by 
agarose gel electrophoresis and then a fragment of 0 . 5 kb was 
recovered in the same manner. A 0.2 \jug portion of the ptfT45 
DKA obtained by the just described process was cleaved with 
the restriction enzyme Hi ndTII and subjected to a 
dephosphorylation treatment with alkaline phosphatase , the 
resulting DMA fragments were separated by agarose gel 
electrophoresis and then a fragment of 4 . 7 kb was recovered 
in the same manner. 

Using a ligation kit, the fragments of 0.5 kb and 4.7 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , gscheriah ±m 
colx NM522 was transformed in accordance with the usual way, 
and the resulting transformant was spread on UB agar medium 
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containing 50 [xg/mX. wnp icillin And thtti cultured overnight at 
30°C . 

By extracting a plasmid from the thus grown, colonies 
of the transformant in accordance with, the usual way, glk 
expression plasmid pNT46 was obtained. Structure of the 
plasmid was recognized fay restriction enzyme cleavage (Fig. 
8 ) . 

5) Construction of pfkB expression plasmid 

The sense strand DNA primer shown in SEQ ID NO: 15 an d 
the antisenoe strand DNA primer shown in SEQ ID NO: 16 worn 
synthesized. The FCR was carried out using the synthesized 
DNA strands as primers, and the chromosomal DNA of th«» strain 
*• template, under the same conditions as i 

in the foregoing. 

After cocqpletion of the PCR, a precipitate of DNA was 
obtained fay the ethanol precipitation proaess. The 

P^ooipitete was dissolved in 20 fxl of TO. Using 5 pOL portion 
of the solution , the DNA was cleaved with restriction enzymes 
Hind i IX and 5ccfiV , the resulting DNA f ragments w ere separated 
by agarose gel electrophoresis and then a fragment of 1.3 kb 
was recovered using Gene Clean II Kit. A 0.2 ug portion of 
pBlueseript II SX+ DNA was cleaved with restriction enzynma 
Hi ndT II and SccRV, the resulting DNA fragments were separated 
by agarose gel electrophoresis and then a fragment of 3 . 0 kb 
was recovered in the same manner. 
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Using a ligation kit, the fragments of 1.3 kb and 3.0 
kb vara subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation raaetion solution, Escherichia 
coli NM522 was transfonad in accordance with the usual 
process, and the resulting transformant was spread on 13 agar 
mod ‘him containing 50 jjg/ml anpicillin and then cultured 
overnight at 30°C . 

By extracting a plasmid from the thus gr o wn colonies 
of the transformant in accordance with the usual process , 
plasmid pttT43 containing the pfkB gene was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 9) . 

A 0.5 Mg portion of the pNT43 DMA was cleaved with 
restriction enzymes ClaX and SacI , the resulting DKA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 1.3 kb was recovered in the same manner. 

A 0.2 {jg portion of the pPAC31 OKA obtained in 
Example 1-1) was cleaved with restriction enzymes ClaX and 
Sad , the re sill ting DMA f ragmants were separated by agarose 
gel electrophoresis and then a fragment of 5 . 7 kb was 
recovered in the same manner. 

Using a ligation kit, the fragments of 1.3 kb and 5.7 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
coll NM522 was transformed in accordance with the usual 
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prootts, and the resulting transformant was spread on I SB agar 
medium containing 50 jog/ml ampicillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus gro w n colonies 
of the transformant In accordance with the usual process , 
pflcB expression plasmid pNT47 was obtained. Structure of the 
plasmid was recognized by restriction enzyme cleavage (Fig. 
9 > . 

Example 8 : Production of ODP-GlcNAc 

rsdhsrlofaxa coll KY8415/pNT14 , NM522/pNT24, 
NM522/pNT44 and NM522/pNT47 obtained In Example 7 were 
cultured in the same manner as in Example 2 , and each of the 
thus obtained culture broths were centrifuged to obtain wet 
cells. As oooasion demands, these wet cells can be preserved 
at -20°C and utilized by thawing the cells prior to use. 

A 0.1 ml portion of a reaction solution having a 
composition of 6 g/1 Escherichia coli NM522/pNT24 wet cells, 
6 g/1 NM522/pNT47 wet cells, 100 m M Tris-HCl buffer (pH 8.0) , 
6 zoM MgCl 2 * 6^0, 10 xoM glucose- 6-phosphate, 2.5 eM fructose- 
6-phosphate, 2.5 odH ATP and 4 g/1 Nyme en S-215 was put into a 
1.5 ml tube, and 1 hour of the reaction was carried out at 
37°C. The reaction solution was treated at 65°C for 5 minutes 
and shortage in cells and substances was suspended until 0.3 
g/1 Escherichia coli K*8415/pNT14 wet cells, 6 g/1 
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NM522/pNT44 wet cells, 5 mM glucosamine- 6-phosphate , 5 mM 
acetyl-CoA and 5 nM UTP , and then 30 minutes of the reaction 
was carried out at 37°C to find that 2.5 mM (1.6 g/1) UDP- 
GlcHAc (2Na salt) was formed in the reaction solution. Xn 
this connection/ when Escherichia eoli NM522/pNT24 wet cells 
or NM522/pNT47 wet cells were not added/ formed amounts of 
the UDP-GlcNAc were 0.08 xsM and 0.16 nM, respectively. 

These results indicate that Glc-1 , 6-P2 necessary for 
the expression of glxoM activity can he provided by the 
combination of a pgm expression strain with a pffeB expression 
strain . 

Example 9 : Production of UDP-GlcNAo 

Escherichia aoll KY8415/pNT14 , NM322/pNT24, 
NM522/pMT44 , NM522/pNT46 and NH522/pNT47 obtained in Example 
7 were cultured in the same manner as in Example 2/ and each 
of the thus obtained culture broths was centrifuged to obtain 
wet cells. Also, Gozynabacferium aim* *n i age n cs ATCC 21170 was 
cultured in the same manner as in Example 2, and the thus 
obtained culture broth was centrifuged to obtain wet cells . 
As occasion demands , these wet cells caui be preserved at 
-20°C and utilized by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 10 g/1 wet cells of each of Escherichia ooli 
KT8415/pNT14/ NM522/pNT24 , NM522/pNT44, NM522/pNT47 and 
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NM522/pNT46, 150 g/1 Corynebacfcerium mmrvni aginaa ATCC 21170 
wot cells, 50 ?/l fructose, 80 g /1 glucosaminQ hydrochloride , 
15 g/1 KH 2 PO 4 / 5 g/1 MgSO* • 75^0 , 5 g/1 phytic acid, 10 g/1 
orotic acid (potassium salt) , 4 g/1 Nyznoen S-215 and 10 xnl/1 
xylene was put into a 200 ml beaker, and 10 hours of tha 
reaction was carried out at 32°C tinder stirring tha reaction 
solution with a magnetic stirrer (900 r pn) . 

During the reaction , pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and fructose and KH 2 FO 4 
were added when required. 

By the reaction, 6.2 g/1 UDP-GlcNAc (2Na salt) was 
formed in the reaction solution. 

Example 10 : Construction of galK expression plasmid 

A 0 . 5 fjjg portion of the pKT25 DNA obtained in Exasple 
3*1) was cleaved with restriction enzymes CleX and JffeaKV, the 
resulting ONA fragaients were separated fay agarose gel 
electrophoresis and then a fragment of 6 . 7 kb was recovered 
using Gene Clean IX kit. The thus recovered DNA was blunt- 
ended using DNA Blunting Kit and then subjected to ligation 
reaction for 16 hours at 16 Q C using a ligation kit. 

Using the ligation reaction solution, Emahmjc ± chi a 
coli NM522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on X«B agar 
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mocUum containing 50 (ug/inl aapioillin and than culturad 
overnight at 30°C. 

“t^aoting a plasmid from the thus grown colonies 
'tha transformant in accordance with tha usual, process , 
galK expression plasmid pNT54 was obtained. Structure of tha 

plasmid was noognizad by restriction enzyme cleavage (Fig. 
10 ) . 


Ex a mp le 11 : Production of UDF-GlaNAc 

tocherichia coli NM522/pNT54 obtained in 10 

was cultured in the same manner as in Example 2 , and the 
culture broth was oentrifuged to obtain wet cells. Also, 
Corynebacterium Aszaozziagesas ATCC 21170 was cultured in the 
same manner as in Example 2 , and the culture broth waa 
centrifuged to obtain wet cells. As occasion demands, these 

wt c * lls preserved at -20“C and utilized by thawing 

the oalls prior to use. 

A 30 ml portion of a reaction solution having a 
coogosition of 50 g /1 Escherichia coll NM522/pNT54 wet cells, 
150 g/1 Corym*faact«riim ssmonisgazias ATCC 21170 wet cells, 40 
^/1 fructose, 67 g/1 W-acetylglucossmine , 15 g/1 KH 2 FO 4 , 5 

g/1 MgSO A - 7H-0 , 5 g/i phytic acid, 10 g/1 orotic 

salt) , 4 g/1 Nymaan S-215 and 10 ml/1 xylene was 

into a 200 ml beaJcer, and 27 hours of the reaction was 
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carried out at 32 °C under stirring the reaction solution with 
a magnetic stirrer (900 rpcn) . 

During- the reaction , pH of the reaction solution was 
maintained, at 7.2 using 4 H NaOH, and fructose and KHaFOa 
were added when required. 

By the reaction, 17.1 g/1 UDP-GlcNAc (2Ma salt) was 
formed in the reaction solution. 

Bxample 12 : Simultaneous production of UDP-GlcNAo and UDP- 

Gal 

The strain NM522 /pNT2 5 obtained in Example 3 was 
cultured in the same manner as in Example 2, and the culture 
broth was centrifuged to obtain wet cells. Also, 

Coxynebacterium aomoniagenes ATCC 21170 was cultured in the 
same manner as in Sxaa^le 2 , and the culture broth was 
centrifuged to obtain wet cells. As occasion demands, these 
wet cells can be preserved at -20 0 C and utilized by thawing 
the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 25 g/1 Escherichia coli NM522/pNT25 wet cells, 
150 g/1 CorynebacteritsB aaacazleganas ATCC 21170 wet cells, 60 
g/1 fructose, 50 g/1 N-acotylglucosamine , 40 g/1 galactose, 

15 g/1 KHjPO,, 5 g/1 MgSO^HaO, 5 g/1 phytic acid, 10 g/1 
orotic acid (potassium salt) , 4 g/1 Nyrratn S-215 and 10 ml/1 

xylene was put into a 200 znl beaker, and 24 hours of the 
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reaction was oarried out at; 32°C under stirring* the reaction 
solution with a magnetic stirrer (900 rpcn) . 

During the reaction/ pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and KH 2 F0 4 was added when 
required. 

By the reaction , 11.4 g/1 UDP—G1 cNAo (2Na salt) and. 
18 g/1 DDF— Gal (2Na salt) were formed in the reaction 
solution . 

Example 13 : Construction of plasmid capable of expressing 
manB, manC, pgm and pfkB 

1) Construction of minB, manC expression plasmid 

The sense strand DNA primer shown in SEQ ID NO: 17 and 
the antisfince strand DNA primer shown in SEQ ID NO: 18 were 
synthesized. The FCR was carried out using the synthesized 
DNA strands as primers / and the chromosomal DNA of 
ZTscZzerlchia coll W3110 as the template, under the same 
conditions as described in the foregoing. 

After completion of the FCR tr e at ment, a precipitate 
of DNA was obtained by the ethanol precipitation process . 
The precipitate was dissolved in 20 \il of TB. Using 5 pil 
portion of the solution, the DNA was cleaved with restriction 
enzymes KiadXXX and SjbkBX , the resulting DNA fragments wore 
separated by agarose gel electrophoresis and then a fragment 
of 3.0 kb was recovered using Gene Clean XX Kit. A 0.2 (jug 
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P° rtion of pBluoscxlpt II SK+ DNA was d«avad w j.th 
rastriotion enzymes Hindi 1 1 end Bofl I, the resulting DNA 
frtyuunts weze separated by agarose gal alaotrqphorasla and 
* fragment of 3 . 0 kb was raoovasad in the same manner . 

Using a ligation kit, both of the fragments of 3.0 kb 
were subjected to ligation reaction for 16 hours at 16°C . 

Using the ligation reaction solution, ftechericthia 
coll NM522 was transfozmed in accordance with the usual 
process , and the resulting transformant was spread on LB »<j-- 
Tn o f,irnn containing 50 pg/ml ampieillin and then cultured 
overnight at 30°C. 

®y eartraating a plasmid from the thus grown colonies 
of transformant in accordance with the above-mentioned 

* cnown process , plasmid pNK6 containing manC and manB was 
obtained. Structure of the plasmid was recognized by 

restriction enzyme cleavage (Fig. 11) . 

A 0.5 ng portion of the p*JK6 DtA was claavad with 
restriction enzymes CJ aT and BasSI , the resulting ona 

fragments were separated by agarose gel electrophoresis and 
then a fragment of 3.0 kb was recovered. A 0.2 pg portion of 
jP p AC31 UNA obtained in Example 1-1) was cleaved with 
restriction enzymes Clal and Bzzzfil, the resulting DNA 

fragments were separated by agarose gel electrophoresis and 
then a fragment of 5.5 kb was recovered . 


# 43 / 


92 



3 3 - 0 5 - 1 2 : D 6 : 4 4 P M : N G B PATENT DEPT 


# 44/ 71 


: SI 3 5 5 6 1 3 3 5 5 


Using* a ligation kit, tha fragm ants of 3.0 kb and 5.3 
kb wara subjected to ligation raaotion for 16 hours at 16°C. 

Using tha ligation raaotion solution, Eacharicbia 
ooli NM522 was transfonnod in accordanoa with tha usual 
process , and tha rasulting transf onnani was spr ead on tj* agar 
madiura containing 50 |4g/sxl uopioillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus yiomi colonies 
of tha transformant in accordance with tha usual process, 
manC / znanB expression plasmid pNK7 was obtained. Structure 
of the plasmid was recognized by restriction enzyme cleavage 
(Fig. 11) . 

2) Construction of pgm, pfkB simultaneous expression plasmid 

A 0.5 fog portion of the pMT24 DNA obtained in Example 
7 was cleaved with restriction enzymes XhoX and 3azzf3X, the 
resulting DNA fragments were separated by agarose gel 
electrophoresis and then a fragment of 3 . 0 kb was recovered 
using Gene Clean II Kit. On the other hand, a 0.2 ^g portion 
of pSTV28 DNA (manufactured by Takara Shuzo Co., ltd.) was 
cleaved with restriction enzymes sail and Basfil , the 
resulting DMA fragments ware separated by agarose gel 
electrophoresis and then a fragment of 3.0 kb was recovered 
in tha same manner. 

Using a ligation kit, both of tha fragments of 3.0 kb 
ware subjected to ligation reaction for 16 hours at 16°C. 
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Using thi ligation reaction solution, Ulscboricthia 
NM522 was transfomod in acoordanc# with tho usual 
process, and the resulting transformant was spraad on LB agar 
nmHi nm containing 10 fig/ml chloramphqnicol and than cultured 
ovamight at 30*C. 

By axtraoting a plaamid from the thus g r o w n colonies 
of ths transfo rm a n t in accordanos with the usual process , 
plasmid pNT53 containing tho p gm gene was obtained . 
Structure of tho plasmid was recognized by restriction enzyme 
cleavage { Pig . 12 ) . 

Tho sense strand D NA primer shown in SSQ ID NO; 19 was 
synthesized, and tho FGR was carried out using the sense 
strand DNA p rime r and tha antisenoe strand DNA primer shown 
in SSQ ID NO: 16 , and tha pNT47 DNA obtained in Sxanple 7 as 
tha tenplate, under tha same conditions as described in the 
foregoing . 

After ecapletion of tha PCR, a precipitate of DNA was 
obtained by the ethanol precipitation pr ooess . The 

precipitate was dissolved in 20 *il of TE. Using 5 \H portion 
of tha solution, the DNA was cleaved with restriction enzymes 
Sea KV and Bgrl II , the resulting DNA fragments were separated 
by agarose gel electrophoresis and than a fragment of 1.3 kb 
was recovered in the same manner . A 0 . 2 jog portion of pNT53 
DNA was cleaved with restriction enzymss mxid TTsnfTT the 

resulting DNA fragments were separated by agarose gel 
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olecbrophonsis and then a fragment of 6.0 was recovered 
In tli* saoa manner. 

Using- s ligation kit, the fra^oents of 1.3 kb 6.0 

kb mra subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, gj»ghaW/.h<. 
colx MM522 was transformed in accordance with usual 

process , and. the resulting transformant was spread on IS agar 
medium containing 10 jjg/ml chloramphenicol and cultured 
overnight at 30°C. 

By extracting a plasmid frcn the thus grown colonies 
of the transformant in accordance with the 1 process, 

plasmid pNT55 capable of expressing pgm and pfkB was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 12) . 

Example 14: Production of GDP— Man 

1) Preparation, of manB, manC, pgm, pfkB expression strain 

Using the pNT55 DMA. obtained in Example 13-2) , 
Escherichia coll NK522/pNK7 was transformed in accordance 
with the usual process, and the resulting transformant was 
spread on IS agar medium containing 50 pg/ml ampicillin and 
10 Mg /ml chloranphenicol and cultured overnight at 30°C. By 
selecting the thus grown transf oroants , Escherichia 
NM522/pNK7/pNT55 was obtained as a manB, manC, pgm, pfkB 
expression strain. 
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2) Production of GDP -Man 

fTscharichia cold, NM522 /pNK7 /pNT55 obtained In the 
abovtt step 1) andL cilia coll NM522/ pNT46 obtained In 

Example 7 vote cultured separately in the same manner as in 
F.xiwple 2 / and each of thus obtained the culture broths was 
centrifuged to obtain wet cells. Also, Goryssbactsriun 
ssnoniagenes ATCC 21170 was cultured in the same manner as in 
Sxaxople 2 , and the culture broth was centrifuged to obtain 
wet cells. As occasion demands, these wet cells can be 
preserved at -20°C and utilized by thawing the oells prior to 
use . 

A 30 ml portion of a reaction solution having a 
cooposition of 25 g/1 Emchoxrlch i a coll NM522/pNK7 /pNT55 wet 
cells, 25 g/1 the KK522/pNT46 wet cells, 150 g/1 

Cozynahs c teriim asmoniagenes ATCC 21170 wet cells, 60 g/1 

fructose, 50 g/1 mannose, 15 g/1 KH 2 FO 4 , 5 g/1 MgS0 4 a 7B 2 0 / 5 

g/1 phytic acid, 60 g/1 a*P (2Ka / 7B 2 0 salt) , 4 g/1 Kymeen S- 

215 and 10 ml /1 xylene was put into a 200 ml beaJcer, and 24 
hours of the reaction was carried out under stirring the 
reaction solution with a magnetic stirrer (900 rpn) . 

During the reaction , pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and KB 2 FO d was added when 
required. 

By the reaction, 14.6 g/1 GDP— Men (2Na , IH^O salt) 

was formed in the reaction solution. 
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Exon ylt 15: Construction of gmri , wcaG ^r^ssion plasmid 

Th« sens* »tr«d DNA primer shorn In SSQ ZD NO: 20 and 
th« antissncs strand DNA primer shown in SSQ ID NO: 21 were 
synthesized. The PCR was carried out using' the synthesized 
DNA str and s as pirimaars , and the chromosomal DNA of 
Zschericiua coli W3110 as the teoplate, under the sazna 
conditions as described in the foregoing. 

completion of the PGR, a precipitate of DNA was 
obtained by the ethanol precipitation process * The 

was dissolved in 20 [il of TE. Using 5 jil portion 
the solution , the DNA was cleaved with restriction enzymes 
H i n d T ! I and XhoX , the resulting DNA fragments were separated 
by agarose gel electrophoresis and then a fragment of 2.3 kb 
was recovered using Gene Clean XI Kit. 

A 0.2 |^g portion of the pPA31 DNA obtained in Exasple 
1_1 ) cleaved with restriction enzymes Hindi IX and Sail, 

the resulting ONA fragments were separated by agarose gel 
electrophoresis and then a fragment of 3.9 was recovered 
in the same manner . 

Using a ligation kit, the fragments of 2.3 kb and 3.9 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Ischsrichia 
coli NM522 was transformed in accordance with the usual 
procsss, and the resulting transformant was spread on LB agar 
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m o di inn con.- t- a in i.ng- 50 Mg/ml ampi-cillin and than cultured 
overnight at 30°C . 

By extracting a plasmid from the thus grown colonies 
of tha transformant In accordance with the usual process , 
plasmid pNK8 containing gmd and wcaS was obtained. Structure 
of tha plasmid was reaognized by restriction enzyme cleavage 
(Fig. 13) . 

Example 16: Production of GDP-Fuc 

Escherichia coli NM522/pNK7/piNT55 obtainad in Example 
14 , MM522/PNK8 obtainad in 15 smd NM522/pNT46 
obtain e d in Bxsnple 7 ware cultured in the same manner as in 
Example 2 , and each of the thus obtainad culture broths was 
centrifuged to obtain wet cells. Also, Coryzubactezzim 
amoniagena* ATCC 21170 was cultured in tha sansa manner as in 
Examp le 2, and tha culture broth was centrifuged to obtain 
wet cells . As occasion demands , these wet cells can be 
preserved at -20°C and utilised by thawing the cells prior to 
use. 

A 30 ml portion of a reaction solution having a 
comp osition of 25 g/1 Escherichia coli NM522/pNK7/pNT55 wet 
cells, 25 g/1 Escherichia coli NM522/pNK8 wet cells, 25 g/1 
Escherichia coli NM522/pNT46 wet aells, 150 g/1 
Corynebacterium atmuoniagenea ATCC 21170 wet cells, 40 g/1 
fructose, 60 g/1 mannose, 15 g/1 KBgSO^, 5 g/1 Mg-SO* - 7^0, 5 
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g/1 phytic acid, 60 g/1 GMP (2Ha/7a,0 salt) , 4 g/1 Hymesn S- 
215 and 10 ml/1 xylene was put into a 200 ml beaker, and 24 
hours of the reaction was carried out at 32°C under stirring 
the reaction solution with a magnetic stirrer (900 rpcn) . 

During the reaction , pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and KH 2 FQ 4 was added when 
required. 

By the reaction, 1.0 g/1 GDF-Fuc (2 . 5Na, 1^0 salt) 
was formed in the reaction solution. 

Example 17: Construction of neuA expression plasmid 

Chromosomal D MA of Escherichia coll K235 (ATCC 13027) 
was prepared in the same manner as in Example 1. 

The sense strand DMA primer shown in SEQ XD NO: 22 and 
the antisenoe strand DMA primer shown in SEQ XD MO: 23 were 
synthesized. The FGR was carried out using the synthesized 
ONA strands as primers, and the chromosomal DMA of 
Escherichia coli K235 (ATCC 13027) as the template, under the 
same conditions as described in the foregoing. 

After completion of the PCR treatment, a precipitate 
of DMA was obtained by the ethanol precipitation process. 
The precipitate was dissolved in 20 (xl of TE . Using 5 \jlL 
portion of the solution, the DMA was cleaved with restriction 
enzymes EcoRI and BaafiX , the resulting DKA fragments were 
separated by agarose gel electrophoresis and than a fragment 
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off 1 . 3 kb was recovered using Gone Clean XI Kit . A 0 . 2 ^g 
po^tiion off pBluescript IX SK+ DNA was cleaved with 
restriction onzynss ffcoRI and fisoHI , the resulting JDNA 
fragments were separated by agarose gel electrophoresis and 
than a fragment off 3 - 0 kb was recovered in the same manner . 

Using a ligation kit, the fragments of 1.3 kb and 3.0 
to were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution § £scherlc2ile 
ooli NM52 2 was transf orxaed in accordance with the usual 
process, and the resulting transformant was spread on X£ agar 
medium containing 50 jog/ml azapicillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus gr o w n colonies 
of the transformant in accordance with the usual process, 
plasmid pTA12 containing the neuA gene was obtained . 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 14) . 

A 0 . 5 \x g portion of the pTAl2 DNA was cleaved with 
restriction enzymes CZl/iT and BanflX , the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 1 . 3 kb was recovered in the same manner . 
A 0.2 ng portion of the pFAC31 DNA obtained in Example 1-1) 
was cleaved with restriction mnxysamm ClaX and BcnSX , the 
resulting DNA fragments were separated by agarose gel 
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•l^ctrophoroiis and 'than a fragment of 5.5 kb was racovarad 
in tha same manner. 

Using a ligation kit, tha fragments of 1.3 kb and 5.5 
wara subjected to ligation reaction for 16 hours at 16°C. 

Using tha ligation reaction solution, 4 m 
Gal. x MM522 was transformed in aooordanoe with tha usual 
process, and tha resulting transformant was spread on LB agar 
xnadium containing 50 Hg/xrtl aspicillin and than cultured 
overnight at 30°C. 

By extracting a plasmid from tha thus g ro w n oolonias 
of tha transfor ms n t in accordanos with tha usual process , 
nauA expression plasmid pTA14 was obtained. Structure of the 
plasmid was recognized by restriction enzyme cleavage (Fig . 
14) . 


Examp le 18: Production of CKP-KeuAc 

ffacherichxa coli XM522/pTAl4 obtained in Exasple 1 7, 
C600/pNALl (Appl , Environ. Microbiol. , 51, 562 (1986)) and 

JF646/pM95 (*7. Biol. Cham. , 251, 5568 (1986)) ware separately 
cultured in the same manner as in Sxanple 2, and each of tha 
thus obtained culture broths was centrifuged to obtain wet 
calls. Also, Goryzsabacterxum osmoslaganes ATCC 21170 was 
cultured in tha same manner as in Example 2, and tha culture 
broth was centrifuged to obtain wet calls . As occasion 
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demands / those wet cells can be preserved at “20°C and 
utilized by thawing the eells prior to use. 

A 30 ml portion of a reaction solution having a 
c ompo sition of 50 g/1 Escherlahla coll NM522/pTA14 wet cells , 
15 g/1 Escherichia coll C600/pNAIjl wet eells, 25 g/1 

Escherichia coll JF646/pMV5 wet cells, 150 g/1 

CozynabsctsriuB anzDonlagenas ATCC 21170 wet cells, 10 g/1 

orotic acid (potassium salt) , 20 g/1 pyruvic acid (Ns salt) , 
40 g/1 fructose, 10 g/1 N-acatyLnszinosamina , 15 g/1 KH^FO* , 5 
g/1 MgS0 4 *7H20, 5 g/1 phytic acid, 4 g/1 Nymssn S-215 and 10 

nl/1 xylene was put into a 200 ml beaJcer, and 24 hours of the 
reaction was carried out at 32°C under stirring the reaction 
solution with a magnetic stirrer (900 zpm) . 

During the reaction, pH of the reaction solution was 
maintained at 7 . 2 using 4 N NaOH , and K^PO^ was when 

required. 

By the reaction, 2.7 g/X CMP-NeuAc (Na salt) was 
formed in the reaction solution . 

Example 19: Production of lacto— N~hatraose 

1) Preparation of pi , 3 -galactosyl transferase 

Namalva cell line KJM-1 transformed with plasmid 
pAMoERSAWl ((Japanese Published Unexamined Patent Application 
181759/94) containing a gene encoding a fusion protein of 
the XgG binding region of protein A with 
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31 ,3 -galactosyl transferase was auspondod in 30 ml of 
MMX 640 • ITPSGF medium containing 0.5 mg/ml G418 (numufaoturad 
by Qibco) , to a density of 5xl0 4 cells /ml , and cultured at 
37°C foe 8 days in a COj incubator. 

Calls ware removed from the culture broth by 
centrifugation , and the supernatant was recovered. As 
occasion demands , the supernatant can be stored at -80°C and 
utilised by thawing the supernatant prior to use. 

To the culture supernatant in which the fusion 
protein of the IgG binding region of protein A with 
pi , 3-galactosyl transferase has been formed were added sodium 
azide to a final concentration of 0.1% and then 50 yH. of XgG 
Sepharose (manufactured by Pharmacia) which has been pre- 
treated in accordance with the manufacturer ' « instructions . 
The mixture was stirred overnight gently at 4°C . 

After the stirring, the pi , 3 -galactosyl transf erase- 
linked. XgG Sepharose was recovered by centrifugation and 
washed three times with 1 ml of KEMX640 - ITPSGF medium, and 
then the XgG Sepharose was used as the enzyme source of 
pi , 3 -galactosyl transferase . 

2) Production of lacto-N-tstraoae 

Lactc- N-neotetraose (manufactured by Oxford 
Glycosystems) was fluorescence-labeled by 2 -ami nopyridine in 
accordance with a known process (Agric. Biel. Cham. , £4, 2169 
(1990)) and mixed with 0.1 XJ p-galactosidase (manufactured by 
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S#UcagAku Kogyo K.X.) , and th en the mixture wets allowed, to 
react fox 16 hours at 37°C to remove the galactose at the 
non— reducing end . 

Thm reaction solution was heated at 100°C for 5 
minutes to inactivate p-galactosldase . 

Gl oNAc pl — 3Gal(3l — 4Glc obtal nod fay the reaction was 
used, as a complex carbohydrate precursor . 

A 36 |H portion of a reaction solution containing 0 . 5 
xeM of the cocoplex carbohydrate precursor , 0.5 U the 

Pi / 3-galactoayltransferase llnhed ZgG Sepharose obtained In 
the above step 1) , 6 }il of a reaction solution containing 

UDP— Gel (5 a M) obtained In Example 4, 100 xeM Trls-HCl (pH 

7.9), 10 nM HnCl 2 and 2 sM P-nercaptoethanol was allowed to 

stand for 65 hours at 32°C to effect the reaction. 

After c omp letion of the reaction, amount of the 
product accumulated In the reaction solution was measured by 
HFLC under the following conditions : 

Column: 

TSK gel 0OS~80TM column (4 . 6 mm x 30 on, manufactured 

by TOSOH CORPORATION) 

Liquid phase: 

0.02 M ammonium acetate buffer (pH 4.0) 

Temperature : 

50°C 
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Flow rate: 

1 ml /mi n 
Detection : 

PluorssctnoQ datoctor (axoitation wavalangth 320 nm f 
radi ation wavalangth 400 nm) 

Xdttntu.flca.bl on of the product was carried out by 
coiTpar ing olution tins of aminopyridine-labeled lacto-N- 
tetraosa wltb that of the labeled product. 

By the reaction , 0.17 nM (0.12 g/1) lacto-N-tetraose 

was formed . 

Shcan^ltt 20 : Production of lacto-N-neotetraose 

Xn the same manner as In Example 19, GlcNAcj31- 
3Galpl-4Glc was prepared from lacto-N-neotetraose and used as 
a complex carbohydrate precursor. 

A 36 jxl portion of a reaction solution containing 0.5 
xeM of the oonp lttx carbohydrate precursor, 0.5 tJ pi r 4 - 
galaotoeyl transferase (manufactured by Sigma) , 6 puL of a 

reaction solution containing UDF-Gal (5 nM) obtained In 
Eaeaaple 4, 100 cM Tris-HCl buffer (pH 7.9) , 10 zcM hbiC 1 2 and 2 
mK p-xnsrcaptoethanol was allowed to stand for 65 hours at 
32°C to effect the reaction. 

After c omp letion of the reaction, amount of the 
product accumulated in the reaction solution was measured by 
HFLC under the same conditions of Eacaxqple 19-2) . 
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Identification of the product w as carried out by comparing 
elution time of the amlnopyrldlne-labeled lacto-K-neotetraose 
with that of the product. 

By the reaction , 0*15 nM (0.11 g/l> lacto— N— 

neotatraose was formed. 

Exanple 21: Production of laoto-K-fuoopentaose XXX 

XgG Sepharose-llnked al , 3 -fucosyl transferase was 

prepared from namalwa cell line KJM-1 transformed with 
plasmid pRMoA-FT6 (*7. Biol. Oian. , 2SA, 14730 (1994)) 

containing a gene encoding a fusion protein of the XgG 
binding region of protein A with al , 3- fucosyl transferase , In 
the same manner as In Example 19-1) , and used as the enzyme 
source of al , 3 -fucosyl transferase , 

A 50 jxl portion of a reaction solution containing 
0.25 tnM lacto-N-naotetraoao (manufactured by Oxford 
Glyco systems) , 1.0 U of the XgG Sepharose-lliUced al , 3- 

fucosyl transferase , 6 [H. of a reaction solution containing 

GDF-Fuc (0.25 mH) obtained In Example 16 , 100 mM Trls-HCl 

buffer (pH 7 * 9) and 10 noH HnCl 2 was allowed to stand for 24 
hours at 37°C to effect the reaction. 

After ccsplation of the reaction, amount of the 
product accumulated In the reaction solution was measured 
using a sugar analyzer (DX-500) manufactured by Dlonex. 
Identification of the product was carried out by comparing 
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elution time of laoto-N-fucapentaose IXX (nanufaotuced by 
Oxford Glycosystsms ) with that: of the product . 

By the reaction, 0.21 naM (0.18 g/1) lacto-M- 
fucopentaose XXX was formed.. 

Zxasqple 22: Construction of al , 4 -galactosyl transferase 

(lgtC) expression plasmid 

Chromosomal DNA of Ms isseria gonorrixoeae (ATCC 33084) 
was prepared in the same manner as in .Example 1. 

The sense strand DMA primer shown in SEQ ID NO: 24 and 
the antisencs strand DNA primer shown in SEQ XD NO: 25 were 
synthesized. The PCR was carried out using the synthesized 
DNA strands as primers , and the chromosomal DNA of Miaxsaaria 
gonorrhoeas (ATCC 33084) as the template, under the same 
conditions as described in the foregoing. 

After coepletion of the PCR treatment, a precipitate 
of DNA waa obtained by the ethanol precipitation process . 
The precipitate was dissolved in 20 of IE. Using 5 (xl 

portion of the solution, the DNA was cleaved with restriction 
enzymes H i n d i XX and fiasfil, the resulting DNA fragments wer e 
separated by agarose gel electrophoresis and then a fragment 
of 1.0 kb was recovered using Gene Clean XX Kit. A 0.2 ng 
portion of the pPA31 DNA obtained in Example 1-1) was cleaved 
with restriction enzymes Hindi IX and Banfil, the resulting DNA 
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fragments wtra separated by agarose gal electrophoresis and 
then a fragment of 4.2 kb was recovered in the same manner* 

Using a ligation kit, the fragments of 1.0 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , 
coli KM522 was transformed in accordance with the usual 
process , and the resulting transformant was spread on IB agar 
medium containing 50 fog/ml anpicillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the usual process, a 
lgtc expression plasmid pGFT3 was obtained. Structure of the 
plasmid was recognized by restriction enzyme cleavage (Fig. 
15) . 

Example 23: Production of globotriose 

Km ctheri <?2ifa coll NM522/pNT25/pNT32 obtained in 
Example 4 and fscharichia coli NM522/pC?T3 obtained in Example 
22 were cultured in the same manner as in Example 2 , and 
each of the thus obtained culture broths was centrifuged to 
obtain wet oells. Also, CoryzzebacteriisB armoniagenes ATCC 
21170 was cultured in the same manner as in Example 2, and 
the culture broth was centrifuged to obtain wet cells * As 
occasion demands , these wet cells can be preserved at -20°C 
and utilized by thawing the cells prior to use. 
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A 30 ml portion of a reaction solution having’ a 
eoaposition of 50 g/1 Ss chor l chlM coll NM522/pNT25/pNT32 net 
Galls, 50 g/1 E mc timr ldila. coll NM522/pGT3 wot. calls, ISO g/1 
Corjcabsctariun annonlMgmnoa ATCC 21170 wot colls, 100 g/1 
^* ruetoa ®/ 100 g/1 galactose , 100 g/1 lactose, 15 g/1 KI^PO,, , 

5 g/1 MgS0 4 *7B20, 5 g/1 phytlo acid, 10 g/1 orotic d 
(potassium salt) , 4 g/1 Nymeen S-215 and 10 ml/1 xylene was 

P ut into a 200 ml beaker, and 36 hours of the noaction was 
carr i*d out at 32 °C under stirring the reaction solution with 
a magnetic stirrer (900 rpm) . 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and galactose, lactose, 
fructose and KHjPO, were added when required. 

the reaction, 188 g/1 globotriose was formed in 
the reaction solution. 

Cells were removed from the reaction solution by 
centrifugation, and a 10 ml portion of the thus 
supernatant was purified by mploylng a process in which 
activated carbon was used, thereby obtaining 1.5 g of 
globotriose as white powder. 

Ex amp le 24 : Production of ruiirri -ara»i pi -^cv\ 

fscbsrlchia coll NM522/pNT25/pNT32 obtained in 
Exaxqple 4 and Kscbsriehia coll MM522/pGT3 obtained in - 

22 were cultured in the same manner as in Example 2, and 
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oaoh of -the thus obtained eulturs broths was c»ntrifugad to 
ob tai n wat calls . Also , OazysabactseiuD oDaciagsMS ATCC 
21170 was cult ursi in the saute manner' as In Exanple 2 , and 
the culture broth was centrifuged to obtain wet cells. As 
occasion deman ds, these wet cells can be preserved at -20°C 
and utilized by thawing the cells prior to use . 

A 30 ml portion of a reaction solution having a 
o ompo si tion of 50 g/1 Smdhmxichia, cold NM522/pNT25/pNT32 wet 
cells, 50 g/1 Sscherxchia cold. NK522/pGT3 wet cells, 150 g/1 
Goxynebacterium mnaaanlMgmnmm ATCC 21170 wet oells, 50 g/1 

fructose, 50 g/1 galactose, 96 g/1 N-acetyllactosamine , 15 

g/1 5 g/1 MgS0 4 * 7BgO , 5 g/1 phytic acid, 10 g/1 orotic 

acid (potassium salt) , 4 g/1 Symnnn S-215 and 10 ml/1 xylene 

was put into a 200 ml beaker, and 23 hours of the reaction 
was carried out at 32 °C under stirring the reaction solution 
with a magnetic stirrer (900 rpm) . 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 K NaOH , galactose , fructose 

KHaFO* were adder! when required. 

By the reaction, 10 g/1 C3alal-4Gaipi-4GlaNAc was 

formed in the reaction solution . 

Cells were removed from the reaction solution by 
centrifugation, and the formed product was purified from a 30 
®1 portion of the thus obtained supernatant fay employing a 
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prooess in whicih 4otivated carbon was used, thereby obtaining 
0.2 g of Gelal-4Gsipi-461dNRc es white powder. 

Fixeuiy le 25: Construction of [31 , 4 -^sisctosyltrsnsf er&se 

(lgtB) expression plasmid. 

The sense strand DNA primer shown in SEQ XD NO: 26 and 
tha antisenoe strand DNA primer shown in SEQ ID NO: 27 were 
synthesized. The FCR was carried out using the synthesized 
DNA. strands as primers , and the chromosomal DNA of W. 
gcawrrboeaa CATCC 33084) as the template, under the 
conditions as described in the foregoing. 

After co m pletion of the FCR treatment, a precipitate 
of DNA was obtained by the ethanol precipitation process. 
The precipitate was dissolved in 20 ill of TE . Using 5 |xl 
portion of the solution, the DNA was oleaved with restriction 
enzymes iZiadXXI and Sam HI, the resulting DNA fragments were 
separated by agarose gel electrophoresis and then a fragment 
of 0.8 kb was recovered using Gene Clean XI Kit. A 0.2 fig 
portion of pBluescript XX SK+ DNA was cleaved with 
restriction enzymes KindXXX and SsnSI, the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 3 . 0 kb was recovered in the same manner . 

Using a ligation kit, the fragments of 0.8 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 
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Using the ligation reaction solution , Emchm^lchlm. 
call NM522 was transfomsd in accordanod with the usual 
process, and the resulting transfozmant was spread on £B agar 
md±um containing 50 pug / ml ampioillin and than cultursd 
overnight at 30°C . 

By extracting a plasmid, from tha thus g r own colonies 
of tha transf ormant in accordance with tha usual process , 
plasmid pNT60P containing tha lgtB gene was obtained. 
Structure of tha plasmid was recognized by restriction enzyme 
cleavage (Fig. 16) . 

A 0.5 | Jug portion of the pNT60P DNA was cleaved with 
restriction enzymes ClaX and TTnfTT , the resulting OKA 
fragments ware separated fay agarose gel electrophoresis and 
then a fragment of 0 . 8 kb was recovered . A 0.2 pug portion of 
the pFAC31 DNA obtained in Example 1-1) was cleaved with 
restriction enzymes Clal and TTnfTX , the resulting DNA 
fragments ware separated fay agarose gel electrophoresis and 
‘then a fragment of 5.5 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 0.8 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, j » 
call NM522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
medium conta i ning 50 pug /ml inpicillin and then cultured 
overnight at 30°C. 
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By AxtXAeting a plasmid froo tha thus grown ooloniaa 
of the transformant in accordance with the usual process, a 
lgtB egression plasmid pNT60 was obtained. Structure of the 
plasmid was recognized by restriction enzyme cleavage (Fig. 
16) . 

Bxatple 2 6 : Production of N w aoetyllactosamine 

Ea oJtmr d. nh 1 a calx NMS22/pNT60 obtained in Exaaple 25 
*nd ffacbari cfaia coli NM522/pNT25 obtained in Sxanple 3 were 
cultured in the same manner as in Sxaaple 2, and tuir-h of t h e 
thus obtained culture broths was centrifuged to obtain wet 
cells. Also, Corynabactaritsa aszaaaiagenes ATCC 21170 was 
cultured in the same manner as in Example 2 , and the culture 
broth was centrifuged to Obtain wet cells . As occasion 

demands, these wet cells can be preserved at -20°C and 
utilized by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 50 g/1 Escherichia coli NMS22/pNT25 wet cells, 
50 g/1 27scherichia coli NM522/pNT60 wet cells, 150 g/1 

Coxynsbactsrium ammoniagenss ATCC 21170 wet cells, 10 g/1 

orotic acid (potassium salt) , 100 g/1 fructose, 100 g/1 N- 

acetylglueosamine, 100 g/1 galactose, 15 g/1 KBaF0 4 , 5 g/1 
MgS0 4 • 7HjO , 5 g/1 phytic acid, 4 g/1 Nymeen S-215 and 10 ml/1 
xylene was put into a 200 ml beaker, and 34 hours of the 
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rMQtion was car ried out at 32 °C xindar stirring the reaction 
aolution with a magnetic stirrer <900 rpm) . 

Dtiring the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH , and galactose , fructose and 
KH 2 P0 4 were added when requirsd. 

By the reaction, 114 g/1 N-acetyllactosamino was 
fo rm e d in the reaction solution. 

Examp le 2 7 : Production of lactose 

gscs he richia coli HM522/pMT60 obtained in Exasple 25 
and Escherichia coli NM522/pNT25 obtained in Example 3 were 
cultu r e d in the same manner as in Example 2 , and each of the 
thus obtained culture broths was centrifuged to obtain wet 
cells. Also, Ooryzzebacteritas azaaozziagenes ATC C 21170 was 
cultured in the same manner as in Example 2, and the culture 
broth was centrifuged, to obtain wet cells . As occasion 
demands , these wet calls can be preserved at — 20°C and 
utilized by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 50 g/1 Escherichia coli NM522/pNT25 wet cells, 
50 g/1 Escherichia coli NK522/pNT60 wet cells, 150 g/1 

Cbrynebacteritsa azazraiagenas ATCC 21170 wet cells, 10 g/1 

orotic acid (potassium salt) , 115 g/1 glucose, 115 g/1 

galactose, 15 g/1 KHaP0 4 , 5 g/1 MgS0 4 ‘7B^0, 5 g/1 phytic acid, 

4 g/1 Kyneon S-215 and 10 ml/1 xylene was put into a 200 ml 
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baaJcar, and 15 hours of the reaction was carrisd out at 32°C 
by stirring the reaction solution on a magnetic stirrer (900 
rpm) . 

During the reaction , pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and KHaP0 4 was when 

required. 

By the reaction , 49 g/1 lactose was formed in the 

reaction solution . 

F j c amp le 28: Production of globotriose 

ffschsrichia coJLi NM522/pNT60 obtained in Sxaz^le 25, 
tee hur ichia coli NM522/pNT25 obtained in Exaaple 3 and 
Escherichia coli NM522/pGT3 obtained in Exsxqple 22 were 
cultured in the same manner as in Sxaxqple 2, and each of the 
thus obtained culture broths was centrifuged to obtain wet 
cells. Also, Coxynabdctariiaa azamoniaganss ATCC 21170 was 
cultured in the same manner as in Sxanple 2, and the culture 
broth was centrifuged to obtain wet cells . As occasion 
deman ds , these wet cells can be preserved at -20°C and 
utilised by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 50 g/1 -Escherichia coll NM522/pNT25 wet cells, 
50 g/1 Escherichia coli NM522/pNT60 wet cells , 50 g/1 
Esc herichia coli KM522/pCT3 wet cells , 150 g/1 

Corynebeeterium sanoniaganes ATCC 21170 wet cells, 10 g/1 
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orotic acid (potassium salt) , 115 g/1 glucose, 115 g/1 
galactoso, 15 g/1 KH a PO«, 5 g/1 MgSO*- 7^0, 5 g/1 phytic acid, 
4 g/1 My ir aan S-215 and 10 ml/1 xylana was put into a 200 ml 
bo a ka r , and 13 hours of the reaction was carried out at 32°C 
undar stirring the reaction solution with a magnetic stirrer 
(900 spa) . 

During the reaction , pB of the reaction solution was 
maintained at 7.2 using 4 N KaQH, and XBaFO^ was nrl fieri when 
required. 

By the reaction, 5 g/1 globotriose was formed in th# 
reaction solution . 

INDUSTRIAL APPLICABILITY 

The prosont invontion renders possiJ ole afficisnt 
industrial production of a sugar nudootida from a nuclootida 
precursor and a sugar- as the sole starting materials and of a 
cnanp lox oarbohydrata from the sugar nucleotide and a conplax 
carbohydrate precursor. 
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SEQUENCE LISTING 


SEQ ID NO : 1 : 

SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single- stranded 

MOLECULAR TYPE; other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

GGAGAAAGCT tatggctgcc attaatacga a 

SEQ ID NO: 2 : 

SEQUENCE LENGTH : 30 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE; other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

AACACGGATC CGGATGTTAC TTCTTAATGC 

SEQ ID NO: 3: 

SEQUENCE LENGTH: 28 
SEQUENCE TYPE : nucleic acid 
TOPOLOGY : s ingl e- s t r anded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 


AT GGAGGAT C CTGCTCTGTA TACCGTCT 
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SEQ ID NO: 4: 

SEQUENCE LENGTH: 20 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single— stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TGCTGGTCGA CCTGCGCTTG 20 

SEQ ID NO: 5: 

SEQUENCE LENGTH : 3 1 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE : other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

AAGGAAAGCT TATGACGCAA TTTAATCCCG T 31 

SEQ ID NO: 6: 

SEQUENCE LENGTH: 20 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

GCAAAGTTAA CAGTCGGTAC 20 
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SEQ ID NO: 7: 

SEQUENCE LENGTH: 31 
SEQUENCE TYPE; nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TCAGGAAGCT TATGTTGAAT AATGCTATGA G 31 

SEQ ID NO: 8: 

SEQUENCE LENGTH: 27 

SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TCTCCGGATC CCATGTGACC GGGTTAG 27 

SEQ ID NO: 9: 

SEQUENCE LENGTH: 28 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single -stranded 

MOLECULAR TYPE : other nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

TCTAAATCGA TGCAGAGAAA GGACAAAG 28 

SEQ ID NO: 10: 
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SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TTGCAGGATC CTCGTAGGCC TGATAAG 27 

SEQ ID NO: 11: 

SEQUENCE LENGTH : 2 0 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TG AT AT CCGC TCCCTTTCCG 20 

SEQ ID NO: 12: 

SEQUENCE LENGTH: 26 

SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

ACAGCGGATC CGATGTGTTC GCTGAG 26 

SEQ ID NO: 13: 

SEQUENCE LENGTH: 29 
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SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

ACAGCAAGCT TTTGACTTTA GCGGAGCAG 

SEQ ID NO: 14: 

SEQUENCE LENGTH: 29 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single -stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

GAGTTGGATC CCGATATAAA AGGAAGGAT 

SEQ ID NO: 15: 

SEQUENCE LENGTH: 25 
SEQUENCE TYPE: nucleic acid 

topology : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TTTTTAAGCT TCATTTATCA AGAGT 

SEQ ID NO: 16: 

SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 



TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TTTTTGATAT CCCCAATGCT GGGGGTTTTT G 

SEQ ID NO: 17: 

SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single- stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

CGTCAAAGCT TAAATGATAT TCGGGGATAA T 

SEQ ID NO: 18: 

SEQUENCE LENGTH : 25 

SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single— stranded 

MOLECULAR TYPE: other nuclei c acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

AGGGAGG AT C CGACATTACT CGTTC 

SEQ ID NO: 19: 

SEQUENCE LENGTH : 3 3 
SEQUENCE TYPE: nuclei c acid 
TOPOLOGY : single-stranded 



MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

CCGCAAGATC TCGTAAAAAG GGTATCGATA AGC 33 

SEQ ID NO: 20: 

SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

TTGGGAAGCT TCCGGCAAAT GTGGTTT 27 

SEQ ID NO: 21: 

SEQUENCE LENGTH: 25 

SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other- nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

ATAAACTCGA GAGAGACAAG CGGAG 25 

SEQ ID NO: 22: 

SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
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SEQUENCE DESCRIPTION: 

TATTATCGAT GAATTAATAA TTCATAG 

SEQ ID NO: 23: 

SEQUENCE LENGTH: 25 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

CTCTGGATCC AGTTACGTAT AATAT 

SEQ ID NO: 24: 

SEQUENCE LENGTH : 3 0 
SEQUENCE TYPE: nucleic acid 

TOPOLOGY: single— stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

CGGCAAGCTT ATTGTGCCTT TCCAATAAAA 

SEQ ID NO: 25: 

SEQUENCE LENGTH: 28 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 



ACTTGGATCC CCGTCAATAA ATCTTGCG 


28 


SEQ ID NO: 26: 

SEQUENCE LENGTH: 30 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

GGTAAAGCTT ATGCAAAACC ACGTTATCAG 30 

SEQ ID NO: 27: 

SEQUENCE LENGTH: 29 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

AAACGGATCC TTATTGGAAA GGCACAATA 29 
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WHAT IS CLAIMED IS: 


1. A process for producing a sugar nucleotide, which 
comprises : 

selecting, as enzyme sources, a) a culture broth of a 
microorganism capable of producing nucleotide- 5 ’ — triphosphate 
(referred to as "NTP" hereinafter) from a nucleotide 
precursor, or a treated product of the culture broth, and b) 
a culture broth of a microorganism capable of producing a 
sugar nucleotide from a sugar and NTP, or a treated product 
of the culture broth; 

allowing the enzyme sources, the nucleotide precursor 
and the sugar to be present in an aqueous medium to form and 
accumulate the sugar nucleotide in the aqueous medium; and 

recovering the sugar nucleotide from the aqueous 

medium. 

2. A process for producing a complex carbohydrate, 
which connptri ses : 

selecting, as enzyme sources, a) a culture broth of a 
microorganism capable of producing nucleotide-5 ' —triphosphate 
(referred to as "NTP 1 ' hereinafter) from a nucleotide 
precursor, or a treated product of the culture broth, b) a 
culture broth of a microorganism capable of producing a sugar 
nucleotide from a sugar and NTP, or a treated product of the 
culture broth , and c) a culture broth of a microorganism, an 
animal cell or an insect cell capable of producing a c omp lex 
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carbohydrate from a. sugar nucleotide and a complex 
carbohydrate precursor , or a -treated product of the culture 
broth; 

allowing the enzyme sources , the nucleotide precursor , 
the sugar and the complex carbohydrate precursor to be 
present In an aqueous medium to form and accumulate the 
complex carbohydrate In the aqueous medium; and 

recovering the complex carbohydrate from the aqueous 

medium. 

3. A process for producing a complex carbohydrate, 
which comprises : 

selecting, as an enzyme source, a culture broth of a 
microorganism, an animal cell or an Insect cell capable of 
producing a conplex carbohydrate from a sugar nucleotide anH 
a aonplox carbohydrate preaursor , or a treated product of the 

culture broth; 

allowing the enzyme source , the complex carbo hy drate 
precursor and the sugar nucleotide prepared by the process of 
claim l to be present In an aqueous medium to form and 
accumulate the complex carbohydrate in the aqueous medium; 
and 

recovering the complex carbohydrate from the aqueous 

medium. 

4 . The process according to any one of claims 1 , 2 
and 3 , wherein the treated product of culture broth is a 
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concentrated product of the culture broth, a dried product of 
the culture broth, a culture super n atant obtained hy 
centrifuging' the culture broth, a concentrated product of the 
culture super n atant , an enzyme preparation obtained from the 
culture supernatant, cells obtained by centrifuging the 
culture broth, a dried product of the cells, a freeze-dried 
product of the cells, a surfactant- treated product of the 
cells , an ultrasonic-treated product of the cells , a 
mechanically disrupted product of the cells , a solvent- 
treated product of the cells , an enzyme-treated product of 
the cells, a protein fraction of the cells, an immobilized 
product of the cells or an enzyme preparation obtained by 
extraction from the cells. 

5. The process according to claim 1 or 2, wherein 
the nucleotide precursor is orotic acid, uracil , orotidino , 
uridine, cytosine, cytidine, adenine, adenosine, guanine, 
guanofiino, hypoxanthino , inosine , xanthine, xanthosine, 
inosino-5 1 —monophosphate , xantho s ine- 5 1 —monophosphate , 
guanosine-5 1 -monopho sphate , uridlne-5 T —monophosphate or 
cytidine -5 1 -monophosphate . 

6 . The process according to any one of claims 1 , 2 
and 3, wherein the sugar nucleotide is a uridine diphosphate 
compound, a guanos ine diphosphate compound or a cytidine 
monophosphate c o mpound . 
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7. The process according to claim 6, wherein the 
uridine diphosphate compound, guano s ine diphosphate compound 
or cytidine monophosphate compound is a c on i £x >i selected 
from uridine diphosphoglucose , uridine dipho sphogal actose , 
uridine dipho spho -N-acetylglucosamine , uridine dipho spho -N- 
acetylgalactosamine , uridine diphosphoglucuronic acid, 
guanosxne diphosphamannose , guanosine dipho spho fucose, 
cyt idi ne monophospho-N-acetylneuraminic acid, and derivatives 
thereof. 

8. The process according to claim 1 or 2, wherein 
the sugar is a sugar selected from glucose, fructose, 
galactose , glucosamine , N-acetylglucosamine , 
N- acetylgalactosamine , mannose , f ucose , N-acetylaannosamine , 
acetylneuraininic , and derivatives thereof. 

8 . The process according to claim 2 or 3 , wherein 
the complex carbohydrate is a complex carbohydrate which 
oontainc at loaet one of sugars selected from glucose , 
galactose , N-aoetylglucosnmine , N-acetylgalactosamino , 
glucuronic acid, mannose, N-ace tylmannos amine , fucose, sialic 
acid, lactose, N-acetyllactosamine , lacto-N-bios© , GlcNAcpl- 
3Galpl-4Glc, GlcNAc(5l-4Galpl-4Glc / globotriose , Galal - 4 Ga. 1 pi - 
4GlcNAc, 2' -fucosyllactose, 3— fucosyl lactose, 
3' -sialyllactose , 6' -sialyl lactose, 3' -sialyl-N- 
acetyllactosamine , 6' -sialyl -N-acetyllactosamine, 
sialyllacto-N-biose , lewis X, lewis a, lacto-N-tetraose , 
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lacto-N-neotetraosd 


lactuxiifucoteturaose 


3' -sialyl-3- 


fucosyllactose , sialyl -Lewis X, sialyl -Lewis a, laeto-N- 
fucopentaose I , lacto-N-fucopentaose IX , lacto-K-fuoopentaose 
III, laeto-N-fucopenfcaose V, LS— tatrasaecharide a, 

LS- tetrasacchar ide b, LS- tatrasaecharide c, 

(<x2 , 3) sialyllacto-N-neotetraose , lacto-N-difucohexaoso I , 

lacto-N-difucohexaose II , lacto— N— hexaose , Iacto - N _ neohejcaosc , 
di. sialyl lacto-N- tatraose , and derivatives thereof, or a 
complex carbohydrate which contains the complex carbohydrate . 

10 . The process according to claim 2 or 3 , wherein 
the ^«wrrpi «=*»r carbohydrate is a complex carbohydrate which 
contains a sugar having a bond selected from GalfJl— 361c, 
Gal01-4Gle, Gal£ 1-301 cNAc , Gaipi-4GlcNAc , Gal(3l-3Gal, 

Cal^l-4Gal, Galj31-3GatlNAo , Gaipi-AGalHAo, Galal-3Glc, 

Galal-4eio, Galal-3GlaN&o , Galctl -4GldNAa , <Salctl-3Gal , 

Galal-4Gal, Galctl-3GalNAc, Galal-4GalNAe, GlcNAcpl-3Gal , 
Gl«=Nacpi-4aal, aic£NAcpi-6Gal, GH-cNAc^l -33lc , GlcNAcpi-4Glc , 
GlCNACpl -3G1CNAC , GlCNZVc(3l-4GlcNAc , SlcKhcpi-66alMAc , 

GlcNAcpi-ZMan, GlcNAcpi-4Man , GlCNAcJJl - 6Man , <5alNAapl-3Gal , 
GalNAcpi-4Gal , GalNAc(31-4GlcNAc, GalKAcal -3GalNAc , 

Man|3 1 -4GlcNAc , Mandl~6Man, Manal-3Man, Manctl-2Kan, 

GlcUAj3l— 4G1CN , GlctJApl-3Gal , GlclIApi-3GlcKAc , GlctlApi-3GalNAc , 
NeuAca2 -3Gal , NeuAcoc2—6Gal, NeuAcct2— 3GlcNAc, NeuAca2- 6GlcKAc, 
NeuAca2 - 3GalNAc , NeuAco2 - 6GalNAc , NeuAca2 - 8NeuAc , Fueal-3Glc, 
Fucal-4Glc , Fueal-3G16Nhc, Fucal-4GlcNAe, Fueal-2G&1 and 
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Fucal - 6GlcNAc , or a complex carbohydrate which contains the 
conplex carbohydrate - 

11 . The process according to claim 9 or 10 , wherein 
the number of sugars contained in the complex ca rb ohydrate is 
10 or below. 

12. The process according to claim 9 or 10, wherein 
the number of sugars contained in the canplex carbohydrate is 
6 or below . 

13 . The process according to claim 2 or 3 , wherein 
the complex carbohydrate precursor is a complex carbohydrate 
precursor selected from monosaccharides , oligosaccharides , 
proteins , peptides , lipids , glycoproteins , glycolipids , 
glycopeptides end steroid compounds . 

14 . Tho process according to claim 13 , wherein the 
complex carbohydrate precursor is a conplox carbohydrate 
precursor selected from glucose, galactose, mannose, sialic 
acid, N-acetylglucosamine , N~acetylgalactos ami ne , lactose, 
N-acetyllactosamin© , lacto-N-biose , GieNAepl-3<5al(3l-4Glc, 
GlcNAcpl-4C3alpl-4Glc , globotrios© , Galal-4Gaipi-4GldEOlc , 
2 ' -fucosyllactose , 3-f ucosyllactose , 3 ' — sialyllactose , 
6' -sialyllactose, 3' - sialyl -N-aeetyllaetosamine , 6 ' -sialyl -N- 
acetyllactosamine , sialyllacto-N-biose , Lewis X, lewis a, 
lacto-N- tetraose , lacto-N-neote traose , lactodifucotetraose , 
3' -sialyl-3~fucosyllactose , sialyl-lewis X, sialyl -lewis a, 
lacto-N“fucopentaose I, lacto-N-£ucopentaose II, lacto-N- 
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fucopentaose XIX, lacto-N-fucopentaose V, LS-tetrasaccharide 
a, LS-tetrasaccharide b, IiS-tetrasaceharide c, 
(a2 ,3) sialyllacto-N-neotetraose , and derivatives thereof , 
serine, threonine , asparagine and pep tildes containing these 
amino acids and derivatives thereof, and ceramide and 
derivatives thereof , or a complex carbohydrate precursor 
containing' the complex carbohydrate precursor. 

15 . The process according to claim 1 or 2 , wherein 
the microorganism capable of producing NTP from a nucleotide 
precursor is a microorganism selected from microorganisms 
belonging to the genus Cbrynebacteritim. 

16. The process according to claim 15, wherein the 
microorganism belonging to the genus Cozynabacteriian belongs 
to Corynebacterium azzxnoziiagenes. 

17 . The process according to claim 1 or 2 , wherein 
the microorganism capable of producing a sugar nucleotide 
from a sugar and NT P comprises at least one hind of 
miaroorgani sm . 

18 . The process according to claim 17 , wherein at 
least one microorganism is selected from microorganisms 
belonging to the genus £scfteri c hie and the genus 
coxynebacterium. 

19. The process according to claim IS, wherein the 
microorganism belonging to the genus is 
£Tsc hericbia coli . 
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20. The process according -bo claim 18 , wherein the 
microorganism belonging' to the genus Coryzaebacterium is 
Corynebacteritam anwncmi a genes . 

21. The process according to claim 1 or 2, wherein 
the microorganism, capable o£ producing a sugar nucleotide 
from a sugar and NTP is a microorganism having strong 
activity of at least one enzyme selected from glucokinase 
(referred to as "glk” hereinafter) , pho sphoglucomu tase 
(referred to as "pgm” hereinafter) , glucose^ 1-phosphate 
uridyl transferase (referred to as "galtJ" hereinafter) and 
pyrophosphatase (referred to as u ppa ,T hereinafter) . 

22 . The process according to claim 21 , wherein the 
microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which 
contains at least one gene selected from a glk-©neoding gene, 
a pgm“ encoding gene, a gain-encoding gene and a ppa -encoding 
gene . 

23 . The process according to claim 22 , wherein the 
glk-encoding gene, the pgm— encoding gene, the galU— encoding 
gene and the ppa -encoding gene are genes derived from 
Escherichia coll . 

24. The process according to claim 21, wherein the 
sugar nucleotide is uridine diphosphoglucose . 

25. The process according to claim 21, wherein the 
microorganism is a microorgani sm having strong uridine 
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diphosphoglucose dehydrogenase activity, and the sugar 
nucleotide is uridine diphosphoglucuronic acid. 


26. The process according to claim 1 or 2, wherein 
the microorganism capable of producing a sugar nucleotide 
f rom a sugar and NTP is a microorgani sm having strong 
galactokinase (referred to as fl galK" hereinafter) activity . 

27. The process according to claim 26, wherein 
N- acetylglucosamine- 1 -phosphate is provided by the 
microorganism of claim 26 having strong galK activity using 
N— acetylglucosamine as a substrate. 

28. The process according to claim 26 , wherein the 
microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which 
contains a galK- encoding gene. 

29. The process according to claim 28, wherein the 
galK— encoding gene is a gene derived from JETscherichia coli. 

30. The process according to claim 26, wherein the 
microorgani sm capable of producing a sugar nucleo tide f ram a 

sugar and ntp is a microorganism having strong galactose- 
1 -phosphate uridyl transferase (referred to as rr galT" 
hereinafter) activi ty . 

31 . The process according to claim 30 , wherein the 
microorganism comprises at least one microorganism having a 
recombinant DNA conprising a vector and a DNA fragment which 
contains a galT-encoding gene. 


134 



32. The process according' to claim 31, wherein the 
galT-encoding gene is a gene derived, from Escherichia coli. 

33 . The process according to claim 30 , wherein the 
microorganism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at 
least one enzyme selected from glucokinase (referred to as 
T, ^lb" hereinafter) , phosphoglueomuta.se (referred to as "pgm" 
hereinafter) , glucose- 1 -phosphate uridyl transferase (referred 
to as "galU" hereinafter) and pyrophosphatase (referred to as 
"ppa" hereinafter) . 

34 . The process according to claim 33 , wherein the 
microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector a ONA fragment which 
contains at least one gene selected from a gl3c— encoding gene, 
a pgm— encoding gene , a galU— encoding gene anrf a ppa— encoding 
gene. 

35 . The process according to claim 34 , wherein the 
glk— encoding gene, the pgm-encoding gene, the galU— en coding 
gene and the ppa-enccxiLng gene are genes derived from 
Escherich i a coli . 

36. The process according to claim 30 or 33, wherein 
the sugar nucleotide is uridine diphosphogalactoss . 

37. The process according to claim 26, wherein the 
x&Lcroorcgaiiism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong 


135 



N-aoetylglucosainine-l-phosphate uridyl transferase (referred 
to as "glmU" hereinafter) activity. 

38 . Hie process according to claim 37 , wherein the 
microorganism c omp rises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which 
contains a glmQ-encodLLng gene. 

39. The process according to claim 38, wherein the 
glmU-encoding gene is a gene derived from Escherichia colx. 

40 . The process according to claim 1 or 2 , wherein 
the microorganism capable of producing a sugar nucleotide 
from a sugar and NTP is a microorganism having strong 
phosphoglucomutase (referred to as "pgm M hereinafter) and 
phosphofructokinase (referred to as n pfkB ,T hereinafter) 
activities . 

41. The process according to claim 40, wherein the 
microorganism comprises at least one microorganism having a 
recambinant DNA comp arising a. vector and a DNA fragment which 
contains at least one gone selected from a pgm — encoding gene 
and a p£kB-enooding gene. 

42 . The process according to claim 41 , wherein the 
pgm-encoding gene and the pfkB'encoding gene are genes 
derived from ffscterlcMa coll. 

43. The process according to claim 40, wherein 
glucose— 1 , 6-diphosphate is provided by the microorganism of 
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claim 40 having strong pgm and p£kB activities using glucose- 
6 -phosphate and fructose- 6-phosphate as a substrate. 

44. The process according to claim 43, wherein 
phosphoglucosazoine mutase or phosphomannosnutase activity is 
increased by glucose- 1 , 6 -diphosphate provided by the process 
of claim 43 - 

45. The process according to claim 40, wherein the 
microorganism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at 
least one enzyme selected from glucosamine— 1 -phosphate 
acetyl transferase , N-acetylglucosamine- 1 -phosphate 
uridyl transferase (referred to as "glmU” hereinafter) , 
pyrophosphatase (referred to as "ppa" hereinafter) , 
phosphoglucosazoine nmta.se ( referred to as ”gliriM" hereinafter) 
and gluookinasa (referred to as "gllc" hereinafter) . 

46. The process according to claim 45, wherein the 
microorgani sm c omp rises at leas t one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which 
contains at least one gene selected from a glmU -encoding gene, 
a ppa-encoding gene, a glaM-encoding gene and a glk— encoding 
gene. 

47. The process according to claim 46, wherein the 
glmU-encoding gene, the ppa-encoding gene, the glxcM— encoding 
gene and the glk-encoding gene are genes derived from 
Kscherichia coli . 
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48. The process according to any one of claims 26 , 
37 , 40 and 45 , wherein the sugar nucleotide ±s uridine 
diphospho-K-aoetylglucosamine . 

49. The process according to any one of claims 26 , 
37 , 40 and 45 , wherein the microorganism is a microorganism 
having strong UDP-GlcNAc 4 -epiraerase activity and the sugar 
nucleotide is uridine diphospho-N-acetylgalactosamine . 

50 . The process according to claim 40 , wherein the 
microorganism capable of producing a sugar nucleo ti Ho. f rom a 
sugar and NTP is a microorganism having strong activity of at 
least one enzyme selected from pho sphomannomutase ( referred 
to as "manB" hereinafter) , mannose- 1 -phosphate 
guanyl transferase (referred to as "manC" hereinafter) and 
glucokinase (referred to as "gilt" hereinafter) . 

51 . The process according to claim 50 , wherein the 
microorganism comprises at least one microorganism having a 
reoooibinaftt DNA comprising a vector and a. DKA. fragment which 
contains at least one gene selected f ro m a man©— encoding gene , 
a manC -encoding gene and a glJc— encoding gene. 

52 . The process according to claim 51 , wherein the 
manB— encoding gene ? the manC- encoding gene and the glk- 
encoding gene are genes derived from ITscberlchia coll. 

53. The process according to claim 40 or 50, wherein 
the sugar nucleotide is guanosine diphosphomannose . 
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54. The process according to claim 40, wherein the 
microorganism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at 
least one enzyme selected freon phosphamannomutase ( referred 
to as "manB" hereinafter) , mannose— 1 --phosphate 
guanyltransferase (referred to as "manC" hereinafter ) , 
glucokinase (referred to as "glk" hereinafter) , 
GDP-4 , 6-mannose dehydratase (referred to as "grad" 
hereinafter) and GDP— 4— ksto'6-deoxymannose 
epimerase/reductase (referred to as n wcaG" hereinafter) . 

55. The process according to claim 54, wherein the 
microorganism comprises at least one microorganism having a 
recombinant DN A c o m p rising a vector and a DNA fragment which 
contains at least oxie gene selected, frost a rnars ^ — a ng gene, 
a manC-encoding gens, a glk-aneoding gene, a good— encoding 
gene and a wcaG- encoding gene. 

56. The process according -to claim 55, wherein the 
xnanB— encoding gene, the manC- encoding gene, the glk-encoding 
gene , the gmd-encodlng gene and the wcaG— encoding gene are 
genes derived from Escherichia coli. 

57 . The process according to claim 40 or 54 , wherein 
the sugar nucleotide is guanosine diphosphof ucose . 

58 . The process according to claim 1 or 2 , wherein 
the microorganism capable of producing a sugar nucleotide 
from a sugar and NTP is a microorganism having strong 
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activity of at least: one enzyme selected. from GlcNAc 
2-epimerase , CMP-NeuAc synthetase (referred to as ”neuA" 
hereinafter) , NeuAc aldolase (referred to as ,f nanA” 
hereinafter) , NeuAc synthetase (referred to as "neuB" 
hereinafter) and CTP synthetase (referred to as n pyrG" 
hereinafter) . 

59. The process according to claim 58, wherein the 
microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA frag me nt which 
contains at least one gene selected from a GlcNAc 
2-epimerase-encoding gene , a neuA-encoding gene , a nanA- 
encoding gene, a neuB-encoding gene and a pyrG-encoding gene. 

60 . The process according to claim 59 , wherein the 
neuA-encoding gene, the nanA-encoding gene, the nouB-oncoding 
gone and the pyrG-anooding gene ere genes derived from 
JETscherichia coli. 

61 * The process according to claim 58 , wherein the 
sugar nucleotide is cytidine monopho spho-N-acetylneuramini c 
acid. 

62 . The process according to claim 2 or 3 r wherein 
the microorganism capable of producing a conplex carbohydrate 
f rom a sugar nucleotide and a complex carbohydrate precursor 
belongs to Escherichia coli , Saccharcszrpces ceravisiae or 
Cozyztebacteriuzzx azzznozziagenes. 
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63 . The process according to claim 62 , wherein the 

microorganism is a microorganism having a recombinant DNA 
comprising a vector and a DNA fragment which contains a gene 
encoding a transferase selected from glucosyltransferase , 
galactosyl transferase , N-acetylglucosaminyl transferase , 

N-acetylgalactosaminyltransferase , glucuronosyl transferase , 
mannosyl transferase , sialyl transferase and fucosyltransferase . 

64. The process according to claim 63 , wherein the 

gene encoding a transferase selected from glucosyltransf erase , 
galactosyl transferase , N-acetylglucosaminyl transferase , 

N-acetylgalactosaminyltransferase , glucuronosyl transferase , 

mannosyl transferase , sialyl transferase and fucosyltransferase 
is derived from a microorganism. 

65 . The process according to claim 2 or 3 , wherein 
the animal coll is COS-7 ocll or namalwa KJM-X aell , and the 
insect cell is Sf 9 cell . 

€6. The process according to claim 2 or 3 , wherein 
the animal cell or insect cell is an animal cell or 
insect cell having a recombinant ON A c o m p rising a vector 
and a DNA fragment which contains a gene encoding a 
transferase selected from glucosyl transferase, 

galactosyl transferase , N-acetylglucosaminyltransferase , 

N-aeetylgalactosaminyl transferase , glucuronosyl transferase , 

mannosyl transferase, sialyl transferase and fucosyltransferase. 
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67. The process according’ to claim 66, wherein the 
gene encoding a transferase selected from glucosyl transferase , 
galactosyl transferase , N-acetylglucosaminyltransferase , 

N-acetylgalactosaminyltransferase , glucurono syltransferase , 

mannosyltransferase , sialyl transferase and fucosyl transferase 
Is derived from an animal cell* 

68 - A process for producing N-acetylglucosamine 
1 -phosphate , which comprises : 

selecting, as an enzyme source, a culture broth of 
the microorganism of claim 26 having strong galK activity , or 
a treated product of the culture broth; 

allowing the enzyme source and N-acetylglucosamine to 
be present in an aqueous medium to form and accumulate 
N-acetylglucosamina-l-phosphate in the aqueous medium e and 

recovering tho N'-aaatylglucosaznine* 1— phosphate from 
the aqueous medium . 

69* The process according to claim 68, wherein the 
microorganism is a microorganism having a reconbinant DMA 
comprising a vector and a DNA fragment which contains a galK- 
encoding gene . 

70. The process according to claim 69, wherein the 
galK-encoding gene is a gene encoding galactokinase derived 
from Kscherlchia coli. 

71 . The process according to claim 68 , wherein the 
treated product of the culture broth is a concentrated 
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product: of the culture broth, a dried product of the culture 
broth , a culture supernatant obtained by centrifuging the 
culture broth , a concentrated product of the culture 
supernatant, an enzyme preparation obtained from the culture 
supernatant , cells obtained by centrifuging the culture broth, 
a dried product of the cells, a freeze-dried product of the 
cells , a surfactant-treated product of the cells , an 
ultrasonic- treated product of the cells , a mechanically 
disrupted product of the cells, a solvent— treated product of 
the cells, an enzyme— treated product of the cells, a protein 
fraction of the cells , an immobilized product of the cells , 
or an enzyme preparation obtained by extraction f r cm the 
colls . 
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ABSTRACT 


This invention relates to a process for producing a 
sugar nucleotide , in which a) a culture troth of a 
microorganism capable of producing NTP from a nucleot i d e 
precursor, or a treated product of the culture broth, and b) 
a culture broth of a microorganism capable of producing a 
sugar nucleotide from a sugar and NTP , or a treat ed product 
of the culture broth, are used as enzyme sources; a process 
for producing a complex carbohydrate , in which the above- 
described a) and b) and c) a culture broth of a microorganism, 
an animal cell or an insect cell capable of producing a 
complex carbohydrate from a sugar nucleotide and a complex 
carbohydrate precursor, or a treated product of the culture 
broth , ar« used as enzyme sources ; a process for producing a 
complex carbohydrate , in which a culture broth of a 
microorganism, an animal cell or an insect cell capable of 
producing a complex carbohydrate from a sugar nucleot i d e and 
a complex carbohydrate precursor, or a treated product of the 
culture broth, is as an enzyme source; and a process for 
producing N-acetylglucosamine- 1 -phosphate , in which a culture 
broth of a microorganism having strong galactokinase activity, 
or a treated product of the culture broth , is used as the 
enzyme source . 
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